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SEPARATIONPROCEDURESFORAPOLLOi0 NOMINAL,ALTERNATE,

ANDABORTMISSIONS

By Marland L. Williamson

1.0 SUMMARYANDINTRODUCTION

i. i Summary

All separation procedures presented in this report are not free
from recontact problems because contingencies exist that can cause
recontact problems to develop. For those contingencies that have been
identified that may cause reeontact, alternate procedures are proposed
and discussed. The proposed alternate procedures are based on elimination
or avoidance of a potential recontact problem.

i.i.i Nominal mission.- There are three areas in the nominal mission

procedures in which recontact problems can develop. If the S-iVB LH 2

propulsive vent fails to close at TLI plus 15 minutes and cannot be

closed prior to LM ejection, the CSM should orient to the evasive

maneuver attitude immediately after ejection and should perform a 5-second

+X RCS translation, as recommended in section 3.2. The SPS evasive

maneuver is performed as planned at TLI plus 2 hours (appendix A).

During the nominal lunar rendezvous, the descent stage will be staged

in a posigrade direction i0 minutes prior to the ascent stage insertion

maneuver. If the ascent stage insertion is delayed or if staging occurs

early, it is possible for the descent stage to translate ahead, above,

and behind the ascent stage and be in the wrong relative position for

the insertion burn. It is recommended in section 3.4 that staging not

be performed at 63 ±i0 minutes prior to insertion (appendix B, fig. 5).

After staging, the descent stage motion relative to the CSM is

retrograde, but because of the longer period, the descent st_g_ will

approach the CSM from a posigrade direction approximately 15 orbits

later. This phasing of the descent stage and CSM orbits results in

the possibility of recontact, which can be greatly reduced by performance

of a CSM out-of-plane maneuver. An effective time to perform such a

maneuver would be during the time that the descent stage is at perilune

after the ascent stage jettison and APS burn to depletion. The nominal



miss distances based on a standard lunar potential model are presented'
in appendix B. The minimumtheoretical miss distance of 30 n. mi.
increases to approximately 103 n. mi. when the nominal lunar rendezvous
is simulated with the R+2 lunar gravitational model currently in use
in the RTACF. A dispersion of only i fps, however, can decrease this
distance by approximately 50 n. mi.

The procedure for the CSMevasive maneuverafter LMjettison
(section 3.5) is the sameas the procedure for the Apollo 9 mission.
However, the Apollo i0 crew has indicated that after LM jettison they
will maneuverabove the LMand perform a radially outward evasive maneuver
(AV = 2 fps) to attain the correct relative position for the APSburn.

1.1.2 Alternate missions.- Alternate missions during which recontact

problems might develop include the semisynchronous earth orbit mission,

the APS-only earth rendezvous mission, and the APS-only lunar rendezvous

mission.

Descent stage separation in a posigrade direction is presently

planned for a semisynchronous alternate mission. The descent stage is

staged with a AV of i fps which causes the CSM/LM to translate behind,

below, and then ahead of the descent stage (section 4.4.3). For

ascent stage jettison and APS burn to depletion, the CSM evasive maneuver

is performed radially outward (section 4.4.4). It is necessary that this

maneuver avoid any retrograde or posigrade components. A posigrade

component greater than i fps would result in a closing separation rate

between the CSM and descent stage, and a retrograde component would

decrease the perigee altitude. Therefore, retrograde or posigrade AV

components should be nulled to zero.

During an ascent-stage-only, earth rendezvous alternate mission,

staging of the descent stage is planned at 15 minutes prior to the

ascent stage phasing maneuver. If the ascent stage phasing maneuver is

delayed or if staging occurs early, it is possible for the descent stage

to translate behind, below, and ahead of the ascent stage and to be in

the wrong relative position for the phasing burn. It is recommended in

section 4.2.4 that staging not occur more than 15 minutes prior to

phasing (appendix C).

During an ascent-stage-only, lunar rendezvous alternate mission,

staging of the descent stage is planned at 15 minutes prior to the

APS DOI maneuver. If the staging is delayed or if the DOI maneuver

is performed early, it is possible for the descent stage still to be

in the wrong relative position for the DOI burn. The descent stage is

jettisoned retrograde and, after 15 minutes, will be behind and below

the LM. If staging is delayed, it is possible for the descent stage

to be only behind and not a sufficient distance below the LM for the

retrograde DOI maneuver. Therefore, it is recommended that staging not

be less than 15 minutes prior to the DOI maneuver. Note that the



recommendationsfor ascent-stage-only earth and lunar rendezvous are not
the same, and in fact are reversed from each other.

1.1.3 Aborts.- Mission phases during which abort procedures might

result in recontact problems are tumbling launch phase aborts, earth

orbit aborts, LM staging prior to CSi and TPF on a PDI abort, and a DPS

failure during the phasing burn of lunar rendezvous.

The possibility of recontact during a mode III or mode IV tumbling

abort arises after the SPS ignition for the abort burn. It is possible

that the CSM could be in the wrong relative position with respect to

the S-IVB and the jettisoned SLA panels for the desired abort burn. No

single procedure can be defined which would place the CSM in the proper
relative position for a mode !II or mode IV SPS abort because the LV

is tumbling at separation and panel jettison.

For earth orbit aborts, the CSM separates _d the SLA panels are

jettisoned at 20 minutes prior to the deorbit burn. Under present

procedures, two of the SLA panels are jettisoned in the orbital plane

and could cause interference with an early or late retrofire; therefore,

deorbit should be performed at 20 ±5 minutes after separation. A more

desirable procedure would be to roll the S-IVB 45 ° prior to separation,

which would insure out-of-plane components on all four panels and

would greatly reduce any recontact possibilities with an early or late
retrofire.

For a PDI abort, when the descent stage is separated prior to the

APS CDH maneuver, a long-term undesirable situation exists. The descent

stage moves retrograde relative to the CSM. Because of its longer

period, the descent stage will approach from a posigrade direction and

will phase with the CSM orbit approximately 45 hours later. This

phasing occurs after the nominal time for TEl, which means that at TEl

the descent stage will be down range, ahead of the CSM.

Staging prior to the CSI maneuver is not desirable because possible

recontact problems could develop between the descent stage and the

spacecraft. An alternate procedure (section 7.7.2.2) has been recommended

if staging prior to CSI is necessary. For a descent stage separation prior

to CSI for which a retrograde AV of 4.5 fps or greater is imparted to the

descent stage, recontact with the spacecraft could occur. Therefore,

if staging is necessary prior to CSI, it is recommended that it be

_±±u_ u_ o± p±_i_ _app_m_±x B).

Descent stage separation prior to the first braking gate of TPF

should be avoided. Even though the procedure presented in section 7.7.2.5

incorporates an out-of-plane staging, recontact problems between the

descent stage and the spacecraft may still exist. A 45 ° north out-of-

plane AV of 3 fps imparted to the descent stage will result in a miss



distant of only 350 feet. Should the CSMbe 350 feet north of the LM
at staging, the current procedure will not avoid possible recontact
(appendix B). A 350-foot miss distance will be generated only if the
LM is approaching the CSMinplane.

If the DPSfails during the phasing maneuverof a lunar rendezvous
and if the cutoff AV is between 81.0 fps and 92.5 fps, the descent stage
should not be separated. Staging for this range of AV's may result
in recontact problems between the descent stage and CSM. It is
recommended(section 7.7.4) that, prior to staging, the LM-X RCS
translation be used to null the cutoff phasing AV to less than 81.0 fps.
Then staging maybe performed and the phasing maneuvercompleted with
the APSwithout any potential recontact problems. If the cutoff
phasing AV cannot be nulled, then staging should be performed out-of-
plane.

1.2 Introduction

Separation techniques and procedures for the Apollo i0 (Mission F)
nominal, alternate and aborted missions are presented in this report.
The following separation procedures are included for the nominal
mission.

a. CSMfrom the SLA/LM/S-IVB(T&D)

b. CSM/LMfrom the S-IVB (LM ejection)

c. LMundocking

d. LMstaging

e. CSMjettison of the LM

f. CMjettison of the SM

Alternate missions are divided into the following three categories.

a. Earth orbit alternates (section 4.0)

b. i. Earth orbit rendezvous (section 4.1)

2. Ascent-stage-only rendezvous (section 4.2)

3. Ascent-stage-only rendezvous, mini- and maxifootball
(section 4.3)

4. Semisynchronousearth orbit (section 4.4



b,

i.

2.

3.

Lunar mission alternates (section 5.0)

Lunar flyby with the LM (section 5.1)

Lunar orbit, CSM only (section 5.2)

DPS TEl (section 5.3)

a. Launch phase aborts, stable

i. Mode I

2. Mode II

3. Mode III

4. Mode IV

5. No SLA SEP

b. Launch phase aborts, tumbling

c. Earth orbital aborts

d. TLI aborts

e. TLC aborts

i. 90-minute abort

2. Direct abort from TLC

f. Circumlunar aborts

c. Lunar orbit alternates (section 6.0)

i. Descent-stage-only rendezvous (section 6.1)

2. Ascent-stage-only rendezvous (section 6.2)

3. Ascent-stage-only rendezvous, mini- and maxifootball

(section 6.3)

Separation procedures for aborts are presented for the following mission

phases.



g. Abort amdrescue, lunar rendezvous

i. Direct return

2. PDI aborts

3. CSMrescue

4. Partial phasing

h. Contingency TEl

i. Emergemcyseparation procedures from the $-IVB



2.0 SYMBOLS

7

A0S

APS

AUTO

CMC

CMP

CO1

CSM

DPS

DRPA

IMU

LET

LH

LM

LOS

LV

RCS

SEP

S-IVB

SLA

T, DandE

TEC

TEl

TLC

acquisition of signal

ascent propulsion system (LM)

automati c

commandmodule computer

commandmodule pilot

contingency orbit insertion

command/servicemodule

descent propulsion system (LM)

docking ring and probe adapter

inertial measuring unit

launch escape tower

local horizontal

lunar module

line-of-sight

launch vehicle

reaction control system

separation

Saturn V third stage

spacecraft/LM adapter

transposition, docking and extraction

transearth coast

transearth injection

translunar coast



TLI

TPF

TPI

Tff

V.
i

AV

8

translunar injection

terminal phase finalization

terminal phase initiation

time of free-fall to entry interface

inertial velocity vector

change in velocity
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3.0 NOMINALMISSIONSEPARATIONPROCEDURES

3.1 CSMseparation from the S-IVB, transposition and docking
(ref. i)

Time from
TLI cutoff,
hr:min:sec

Event

00:00:00 S-IVB holds cutoff attitude.

00:00:20 S-IVB orients to and holds local horizontal (LH).

00:15:00 S-IVB orients to and holds T, D, and E attitude
of yaw 40° , pitch 120° , roll 180° with respect
to the LH (May18 launch).

00:25:00 CSMseparates from the S-IVB, and SLApanels are
jettisoned.

Perform CSM+X RCStranslation for a AV = 0.8 fps.
For separation, CSMis controlled by CMC/AUTO

mode.

00:25:35 Perform CSM-X RCSto null 0.3-fps separation
r_e.

00:25:40

00:27:40

00:29:40

Initiate CSMpitch of 180° at 1.5 deg/sec rate.

Null CSMpitch rate.
Initiate CSMroll left 60° at 0.5 deg/sec rate.

Null CSMroll rate.
Perform CSM+X RCSto null 0.5-fps separation

rate.
Initiate 1.0 fps closing rate.

00:32:10

00:32:15

Perform CSM-X RCSto null 1.0-fps closing rate.

Begin docking.
CSMcontrol is CMC/FREE.
Estimated worst case dock is completed by TLI

cutoff plus 1.5 hr.



i0

3.2 CSM/LMejection from the S-IVB (appendix D)

Time from
TLI cutoff,
hr:min:sec

01: 30:00

01:30:05

01:30:08

01:30:19

01:31:10

Event

CSM/LMis ejected from the S-IVB.
CSMis controlled by CMC/FREE.
S-IVB attitude at ejection with respect to LH

is yaw 40° , pitch 174.8° , roll 180°
(May18 launch).

Relative spring actuator nominal AV = 0.9 fps
(maximumAV = 1.04 fps, minimumAV = 0.77 fps).

CSM/LMejection maybe executed ±0.5 hr from
time indicated; all following items would be
executed at ±0.5 hr, respectively.

Initiate CSM-X RCStranslation.
No change in CSMattitude.

Terminate CSM-X RCStranslation.
AV = 0.4 fps.

The CSMwill have translated approximately 25 feet
based on nominal spring actuator AV. For a
minimumAV (48%efficiency), 25 feet will be
achieved at 21.5 sec; for a maximumAV (90%
efficiency), 25 feet will be achieved at
17.5 sec (appendix E).

The CSMbegins orientation at 0.5 deg/sec rate
to the evasive maneuverattitude, pitch, down
(toward earth) 75° and yaw 0° with respect to
LH. Roll is positive 55° from heads-up to view
the S-IVB in the left side window (May 18 launch)
from the left couch position. The spacecraft
gimbal angles are as follows.

Pitch (IGA) = 255.7°
Yaw(MGA)= 358.4°
Roll (OGA): 55.7°

If the LH2 propulsive vent on the S-IVB fails to
close prior to ejection, the CSM/LMmust perform
a 5-sec +X RCStranslation immediately after
orientation to the SPSevasive maneuver attitude
to prevent possible recontact with the S-IVB
(appendix A).



ii

Time from
TLI cutoff,
hr:min:sec

02:00:00

02:00:03

Event

Initiate SPSevasive maneuver.

Terminate SPSevasive maneuver.
AV = 19.7 fps.
SPSevasive maneuvermaybe executed anytime after

the CSMhas obtained the proper attitude but
should not exceed a delay longer than i hr 30 min.
The S-IVB inhibit release on TB8must occur after
the SPSevasive maneuver, and for a first
opportunity injection, it should not occur later
than 3.5 hr after TLI or i hr 30 min after the
nominal time for the SPSevasive maneuver.

3.3 LMundocking and CSMseparation
(ref. i and 2)

3.3.1 LM undocking.-

Time from

lift-off,

hr:min:see,

g.e.t.

Event

98:10:00 For LM undocking, the CSM +X is alined to the

inertial separation burn attitude. Spacecraft

gimbal angles are as follows.

Pitch (IGA) = 14.3 °

Yaw (MGA) = 0°

Roll (OGA) = 180 °

Spacecraft LH angles are as follows.

Pitch = 13.3 °

Yaw = 0°

Roll = 180 °

The CSM undocks from the LM at 98h10m00 s during REV 12.

The LM nulls the relative range rate at a distance of

40 to 50 ft.

The CSM performs stationkeeping.

The LM performs 120 ° negative roll (Pilot yaw right)

and a 90 ° pitch maneuver to obtain a heads-down,

eye-to-eye attitude with the CSM.

While the CMP photographs the LM, the LM will perform

a rotation maneuver of 2 deg/sec (pilot yaw) for 360 ° .

After completion of photography, the LM performs station-

keeping while the CMP prepares for the RCS separation

burn.
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3.3.2 Separation burn.-

Time from

lift-off,

hr:min:sec,

g.e.t.

Event

98:35:16 The CSM +X axis is alined with positive radius vector,

pitch 90 ° from the LH. An attitude maneuver should

not be required at this time because the CSM undocking

attitude was the inertial separation burn attitude.

The LM position will be slightly ahead of and above

the CSM to allow visual monitoring of separation.

The CSM performs -X RCS translation (radially downward)

for a AV = 2.5 fps.

The separation burn occurs at a central angle of

approximately 180 ° prior to DOI at a g.e.t, of

98hB5m16 s .

3.4

Time from

lift-off,

hr:min:sec,

g.e.t.

102:33:16

LM staging (ref. i, relative motion

in appendix B, fig. 1-4).

Event

. . 2h ml8sLM staging occurs at a g.e t of i0 33 , i0

minutes prior to the insertion burn.

LM +X axis is alined with the negative V., +Z-axis
i

down. LM gimbal angles are as follows.

Pitch (IGA) = 127.1 °

Yaw (MGA) = 0.0 °

Roll (OGA) = 180 °

LM LH angles are as follows.
Pitch = 180 °

Yaw = 0°

Roll = 180 °

Perform LM -X RCS translation for a AV = 2.0 fps

(posigrade).

Separate the descent stage and immediately perform
LM +X RCS translation for a net AV = 2 fps (retrograde).

Because of possible descent stage recontact with the

LM, staging should not be performed earlier than

63 ± i0 min prior to insertion. (appendix B, fig. 5).
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Time from
li ft-o ff,

hr:min:sec,
g.e.t.

Event

Approximately 30 hr after staging, the descent stage
will phase with that of the CSM. The descent stage
relative motion is retrograde; but because of its
longer period, it will approach the CSMfrom a posigrade
direction 15 orbits after staging. Possible recontact
problems are discussed in appendix B. Performance of
out-of-plane CSMmaneuverat descent stage perilune
after the APSburn to depletion will greatly reduce
the possibility of recontact.

102:43:18 The APSperforms the 15-sec insertion maneuver, pitched
at 155.6° from the LH for a AV= 213 fps.

3.5 Ascent stage jettison and APSburn to depletion
(ref. 2, relative motion presented in appendix B, fig. 6)

Time from
lift-off,

hr:min:sec,
g.e.t.

106:50:45 (NOTE:This procedure for ascent stage Settison and APS
burn to depletion is the sameas for the Apollo 9
mission. However, the Apollo i0 crew had indicated
that after LMjettison they will maneuverabove the
LMand will perform a radially outward evasive maneuver
(_V = 2 fps) to attain the correct relative position
for the APSburn.l

After the LM is configured for the unmannedAPSburn
to depletion, the CSM/LMis maneuveredto the APS
burn to depletion inertial attitude and begins attitude
hold.

Spacecraft LHangles are as follows.
Pitch = 150°
Yaw= 0°
Roll = -60°

Spacecraft gimbal angles are as follows.
Pitch (IGA) = 70.3_
Yaw(MGA)=0°
_oll (0_A) = -6O °

108:09:00 The ascent stage is jettisoned near 90 ° E longitude,

in the burn to depletion inertial attitude.

CSM is controlled by CMC/AUT0.



Time from
lift-off,

hr:min:sec,
g.e.t.

108:09:00

108:16:57
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EVent

The CSM performs -X RCS translation to achieve

a net AV = 1.0 fps at jettison (radially downward).

The CSM nulls the jettison AV, and maneuvers to a

stationkeeping position down range of the LM, ahead

with respect to V..
i

The CSM performs stationkeeping down range of the LM and

orients to the evasive maneuver attitude. CSM LH

angles are as follows.

Pitch = -60 ° from retrograde LH

Yaw = 45 ° south

Roll to headsup.

At 22 min prior to APS burn to depletion, perform

CSM -X RCS translation for a AV = 3 fps.

This maneuver will place the CSM 3300 ft above and

2300 ft behind the ascent stage and 2100 ft out-

of-plane at APS burn ignition (appendix B, fig. 6).

108: 38:57 APS burn to depletion is performed.

LM ascent stage attitude with respect to the LH

(this attitude is the same as the inertial LM

jettison attitude) is as follows.

Pitch = 0 °

Yaw = 0°

Roll = 0°

Time from

lift-off,

hr:min:sec,

g.e.t.

191 :01 :16

3.6 CM/SM separation (appendix F).

Event

At tff = 17 min, the CSM performs the IMU alinement

attitude check.

The IMU alinement check is performed with CSM heads

down, +X-axis alined 31.7 ° above the LOS to the

backward horizon in the orbital plane (0° yaw).

The CSM then yaws 45 ° north and holds this attitude

for SM separation.
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Time from
lift- off,

hr:min: sec,
g.e.t.

191:03:16

Event

At tff = 15 minutes, the CMjettisons the SMand
then orients to the entry attitude.
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4.0 ALTERNATE MISSIONS, EARTH ORBIT

4.1 Earth orbit rendezvous (appendix C, figs. 3 and 4)

4.1.1 CSM separation from the S-IVB, T&D during earth orbit

4.1.1.1 No TLI burn (ref. 3)

a. Prior to separation, the S-IVB orients to and holds the T,

D, and E attitude for earth orbit.

b. The CSM separates from the S-IVB, and SLA panels are Jet-

tisoned at the beginning of a daylight pass.

c. CSM separation hV = 1.0 fps.

d. One minute after separation, at a range of 50 ft, the CSM

nulls the 0.5-fps separation rate.

e. The CSM pitches 180 ° .

f. The CSM nulls the remaining semaration velocity.

g. The CSM performs +X RCS translation to close in on the S-IVB.

h. After the docking interface is reached, the CSM rolls -60 °

and docks.

4.1.1.2 Partial TLI - same procedure as nominal (section 3.1)

4.1.2 CSM/LM ejection from the S-IVB in earth orbit

4.1.2.1 No TLI burn (ref. 4)

a. CSM/LM is ejected, coasts 5 seconds.

b. Initiate CSM -X RCS translation for 3 seconds.

c. Terminate CSM -X RCS translation.

d. CSM pitches down 50 ° (toward earth) from ejection attitude.

e. CSM performs -X RCS translation for 6 seconds at 3 minutes

after ejection.

4.1.2.2 Partial TLI - same procedure as nominal (section 3.2)

4.1.3 LM undocking

a. Aline CSM +X-axis with negative V. (retrograde).
i

b. Undock.

c. LM performs stationkeeping.

d. CSM alines +X-axis with negative radius vector.

4.1.4 Rendezvous

a. CSM performs minifootball, +X RCS AV = 2.5 fps radially
downward.

b. LM performs phasing maneuver.
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c. LM performs CDH maneuver.

d. LM staging (DPS retrograde) is performed i0 to 30 minutes

prior to TPI.

i. LM +X-axis is alined with V..
l

2. Perform LM -X RCS for a AV = 3 fps (retrograde).

3. Immediately initiate L_ +X RCS for a net AV = 3 fDs

(posigrade) .

4. Stage the LM at the beginning of LM +X (thrust accelera-

tion detection).

e. LM APS TPI maneuver is performed.

f. LM APS TPF and docking are performed.

4.1.5 Ascent stage jettison and APS burn to depletion (same as nominal

procedure, ref. 5, appendix C, fig. 3)

a. After the LM is configured for the unmanned APS burn to de-

pletion, the CSM/LM orients to the APS burn to depletion

inertial attitude and begins attitude hold.

b. At 30 minutes prior to the APS burn, jettison the LM in at-

titude hold. The CSM performs -X RCS translation for a

net AV = 1.0 fps.

c. The CSM nulls the jettison AV and maneuvers to a stationkeeping

position down range of the LM, ahead with respect to V..
l

d. The CSM performs stationkeeping down range of the LM and orients

to the evasive maneuver attitude. CSM LH angles are as

follows.

Pitch = -60 ° from retrograde LH

Yaw = 45 ° south

Roll to heads up

e. At 22 minutes prior to the APS burn, the CSM performs -X RCS

translation for a AV = 3 fps.

f. This maneuver will place the CSM above and north of the APS

at burn ignition. (If the APS burn is targeted out of plane

towards north, then the CSM yaw in the preceding item should

be north.)

g. The APS burn to depletion occurs approximately 21 minutes

after the CSM evasive maneuver.

4.1.6 CM/SM separation, earth orbit (ref. 6)

a. The CSM orients to the retrofire attitude and performs the

deorbit burn.

b. The CSM holds the deorbit burn attitude and yaws the +X-axis

45 ° north.

c. The CM jettisons the SM and then orients to the entry attitude.

4.2 Ascent-stage-only rendezvous, earth orbit (appendix C, figs. h and 5)

4.2.1 CSM/S-IVB separation - same procedure as section 4.1.1
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4.2.2 CSM/LM ejection - same procedure as section 4.1.2

4.2.3 LM undocking - same procedure as section 4.1.3

4.2.4 Rendezvous; APS only; DPS inoperative

a. CSM alines +X-axis with negative radius vector.

b. CSM performs minifootball, +X RCS AV = 2.5 fps.

c. LM staging (DPS retrograde) performed 15 minutes prior to

phasing.

NOTE: Because of possible recontact problems between the descent

stage and the ascent stage, staging should not occur more than

15 minutes prior to the LM APS phasing maneuver (appendix C).

i. LM +X-axis is alined with positive V..
I

2. Perform LM -X RCS for a AV = 3 fps (retrograde).

3. Immediately initiate LM +X RCS for a net AV = 3 fps

(posigrade).

4. Stage the LM at the beginning of LM +X (thrust accelera-

tion detection).

d. LM APS performs phasing.

e. LM APS completes rendezvous (CDH, TPI, TPF).

f. Docking is performed.

4.2.5 Ascent stage jettison and APS burn to depletion - same procedure

as section 4.1.5

4.2.6 CM/SM separation - same procedure as section 4.1.6

4.3 Earth orbit rendezvous, ascent stage only, mini- and maxifootball

(appendix C, figs. 6 and 7)

4.3.1 CSM separation from the S-IVB - same procedure as section 4.1.1

4.3.2 CSM/LM ejection from the S-IVB - same procedure as section 4.1.2

4.3.3 LM undocking - same procedure as section 4.1.3

4.3.4 Rendezvous

a. CSM alines +X-axis with negative radius vector.

b. CSM performs minifootball, +X RCS, AV = 2.5 fps.

c. Perform LM staging (DPS retrograde) after CSM minifootball.

I. LM +X-axis alined with V..
i

2. Perform LM -X RCS for a AV = 3 fps (retrograde).

3. Immediately initiate LM +X RCS for a net AV = 3 fDs

(posigrade).

4. Stage the LM at the beginning of LM +X (thrust acceleration

detection).
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d. LM APS performs phasing.

e. LM APS completes rendezvous (TPI and TPF).

f. Perform docking.

4.3.5 Ascent stage jettison, no APS burn to depletion

a. Aline CSM +X-axis with positive V..l

b. Jettison; perform CSM -X (retrograde) for a AV = 2 fps.

4.3.6 CM/SM separation - same procedure as section 4.1.6

4.4 Semisynchronous earth orbit alternate, 12-hour period

4.4.1 CSM separation from S-IVB - same procedure as nominal, section 3.1

h.4.2 CSM/LM ejection - same procedure as nominal, section 3.2

4.4.3 LM staging is performed (CSM/LM APS translates retrograde) 3 hours

prior to apogee, docked configuration

a. CSM +X-axis alined with positive V. (posigrade).

b. Perform LM +X RCS for a AV = I fps (retrograde).

c. Stage the LH at the beginning of LM +X (thrust acceleration

detection).

d. Descent stage moves ahead, above, and then behind t_e space-

craft and causes no interference with an early retrofire.

4.4.4 Ascent stage is jettisoned 30 minutes prior to apogee

a. After the LM is configured for the unmanned APS burn to deple-

tion, the CSM/LM orients to the APS burn to depletion in-

ertial attitude and begins attitude hold.

b. At 30 minutes prior to the APS burn, jettison the LM in atti-

tude hold and perform CSH -X RCS translation for a net

AV = 1.0 fps.

c. The CSM nulls the jettison AV, maneuvers above the LH and then

performs a radially outward evasive maneuver for a AV = 2 fDs.

d. Avoid any retrograde AV components, because perigee altitude is

very sensitive to maneuvers near apogee, particularly on a

semisynchronous orbit. Posigrade or retrograde components

in the radial translation maneuver should be nulled to zero.

e. This maneuver will place the CSM above the ascent stage at

burn ignition.

f. The APS burn to depletion occurs at apogee.

4.4.5 CM/SM separation - same procedure as section 4.1.6
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5.0 LUNARMISSIONALTERNATES

5.1 Lunar flyby with the LM (alternate mission from TEC- unmannedAPS)

5.1.1 CSMseparation from the S-IVB - sameprocedure as nominal,
section 3.1

5.1.2 CSM/LMejection - sameprocedure as nominal, section 3.2

5.1.3 The LMis staged from a docked configuration
a. At 5 hours prior to nominal L01, perform docked DPSburn.
b. After flyby and AOS,perform a docked staging of the LM.

i. Aline the CSM+X-axis with the local horizontal.
2. Perform CSM+X RCStranslation for the required AV, Jet-

tison the descent stage, and then null the AVwith LM
+X RCS.

3. A posigrade or retrograde LH alinement and the required
AV for staging will depend on the descent stage targeting.

4. The crew configures the LMfor Jettison and the unmanned
APSburn to depletion.

NOTE: Should the SMRCSnot be operable, stage the DPSby use of
the LMRCSas outlined above. Ascent stage Jettison is performed
with the CSM+X-axis 45° south out of _lane from negative V..

i

The tunnel is pressurized prior to Jettison to attain the maximum

separation AV. Do not perform APS burn to depletion.

5.1.4 APS Jettison (30 min prior to the APS burn)

a. After the LM is configured for the unmanned APS burn, the

crew alines the CSM/LM to the inertial APS burn to depletion

attitude and begins attitude hold. CSM +X-axis is alined

with negative V..
i

b. At 30 minutes prior to ignition, jettison the ascent stage

and perform CSM -X RCS translation (posigrade) for a net

AV = i fps.
c. Yaw the CSM +X-axis 45 ° north out of plane from negative V.

I

and perform CSM +X RCS translation (retrograde) for a

AV = 1.5 fps.

d. This maneuver will place the CSM north and lateral to the

ascent stage at ignition.

e. The APS burn to depletion occurs approximately 28 minutes

after the CSM evasive maneuver.

5.1.5 CM/SM separation - same procedure as nominal, section 3.6
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5.2 Lunar orbit, CSMonly, LM staging and jettison during TLC (alternate
mission from TLC- unmannedAPS)

5.2.1 CSM/S-IVBseparation - sameprocedure as nominal, section 3.1

5.2.2 CSM/LMejection - sameprocedure as nominal, section 3.2

5.2.3 SPScorrection burn performed to correct partial TLI

5.2.4 DockedLMstaging, second day of TLC - sameprocedure as lunar
flyby alternate, section 5.1.3

5.2.5 Ascent stage jettison and unmannedAPSburn to depletion - same
procedure as lunar flyby, section 5.1.4

5.2.6 CM/SMseparation - sameprocedure as nominal, section 3.6

5.3 DPSTEl

5.3.1 Nominal CSMand LM; LMstaging and jettison during TEC- samepro-
cedures as lunar flyby, sections 5.1.3 and 5.1.4

5.3.2 For a nonnominal CSM,retain LM (LM jettison during TEC)

5.3.2.1 LMjettison during TEC- sameprocedure as staging, section 5.1.3

5.3.2.2 LM jettison occurs during TEC, after 3-hour tff
a. YawCSM+X-axis 45° south out of plane from negative V..l
b. Jettison the LMascent and descent stages and perform CSM

-X RCStranslation (posigrade) for a net AV= 3 fps. The
CSMtranslates posigrade and to the north of the LM.

5.3.3 CM/SMseparation - sameprocedure as nominal, section 3.6
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6.0 LUNARORBITALTERNATES

6.1 Descent-stage-only rendezvous (appendix B)

6.1.1 LMundocking and CSMseparation - sameprocedure as nominal,
section 3.3

6.1.2 DPSstaged at TPF- sameprocedure as staging prior to TPI, PDI
abort, section 7.7.2.5

6.1.3 DPSis not staged during rendezvous but after docking with the CSM
a. DockedDPSstaging after descent-stage-only rendezvous - APS

burn to depletion is planned; CSM/LMtranslates behind,
below, and then ahead of DPS.

b. Aline CSM+X-axis with positive V..i
c. Perform LM+X RCStranslation for a AV = 3 fps (retrograde).
d. Immediately stage the DPSat the beginning of LM+X translation.
e. The DPSwill moveahead, above, and then behind the CSM/LM

(appendix B, fig. 17).

6.1.4 Ascent stage jettison and APSburn to depletion - sameprocedure
as nominal APSjettison, section 3.5

6.1.5 LMJettison after rendezvous, descent stage not Jettisoned during
rendezvous or after docking, no APSburn to depletion (contingency
TEl, appendix B, fig. 17)

a. LMis jettisoned after docking (CSMtranslates behind, below,
and then ahead of the LM).

b. For a contingency (early) TEl, jettison should occur i hour
(but not later than 30 min) prior to the TEl burn.

c Aline CSM+X-axis with positive V (posigrade)." i
d. Jettison the LMand immediately _erform CSM-X RCStranslation

(retrograde) for a net AV = 1.0 fps. [Relative motion for
AV= 3 fps is presented in appendix B (fig. 18).]

e. The LMwill moveahead of, above, and then behind the CSM.

6.1.6 DPSretained during rendezvous for DPSTEl
a. UnmannedAPSburn to depletion during TEC- sameprocedure as

lunar flyby, sections 5.1.3 and 5.1.4.
b. NoAPSburn to depletion during TEC, Jettison LM- samepro-

cedure as LMjettison during TEC, section 5.3.2.

6.1.7 APSinoperative
a. NoAPSburn, Jettison LMprior to TEl - same_rocedure as LM

jettison after rendezvous, section 6.1.5.
b. DPSTEl - Jettison LMduring TEC- sameprocedure as section 5.3.2.
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6.2 Ascent-stage-only rendezvous, lunar orbit, DPSinoperative (ap-
pendix B, fig. 19)

a. LMundocking, CSMseparation - sameprocedure as nominal,
section 3.3.

b. LMstaging (DPSretrograde) - sameprocedure as for earth orbit
ascent-stage-only rendezvous, except DPSstaging occurs
15 minutes prior to APSD01, section 4.2.4.

NOTE: Becauseof possible recontact problems between the DPSand
the LM, separation of the descent stage should not occur less than
15 minutes prior to the DOImaneuver.

c. APSjettison and burn to depletion - sameas nominal Drocedure,
section 3.5.

6.3 APS-only, mini-maxi lunar rendezvous (appendix B, figs. 20 and 21)
a. LMundocking, CSMseparation - sameprocedure as nominal,

section 3.3.
b. LMstaging (DPSretrograde) - sameprocedure as for earth orbit

mini-maxi rendezvous, except DPSstaged 15 minutes _rior to
nominal APSDOI, section 4.3.4.

c. APSjettison - sameas earth orbit mini-maxi jettison, sec-
tion 4.3.5.
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7.0 ABORTS

7.1 Launch phase, stable (nontumbling) abort (refs. 7 and 8)

7 .i.I Mode I aborts

a. Mode I aborts are LET jettisons of the CM from the LV.

b. The SM and the SLA panels remain attached to the LV.

c. The DRPA is Jettisoned with and remains attached to the LET.

7.1.2 Mode II aborts

a. The abort is initiated; booster is cut off; and CSM +X RCS

four-Jet ullage is ON.

b. CSM/S-IVB physical separation occurs 3 seconds after abort

initiation; CSM +X ullage becomes +X translation; SLA panels

are Jettisoned.
c. Terminate CSM +X translation 24 seconds after abort initiation.

d. Orient the CSM to entry attitude.

i. If tff > 2 minutes, yaw CSM +X-axis 45° north out of plane.

2 minutes remain in entry attitude.
2. If tff

e. Jettison the SM and the DRPA.

f. If necessary, reorient to the CM entry attitude and fly full

lift (heads down) to landing.

7.1.3 Mode III aborts

a. Abort is initiated; booster is cut off; and CSM +X RCS four-jet

ullage is ON.

b. CSM/S-IVB physical separation occurs 3 seconds after abort

initiation; CSM +X ullage becomes +X translation; SLA panels

are Jettisoned.
c. Terminate CSM +X translation 24 seconds after abort initiation.

d. Orient to the mode III abort burn attitude: CSM heads up,

CSM +X-axis 31.7 ° below the LOS to the rearward horizon;

begin attitude hold and perform the required SPS abort burn.

e. Remain in the abort burn attitude.

i. If tff > 2 minutes, yaw the CSM +X-axis south out of plane.

2. If tff < 2 minutes, remain in the abort burn attitude.

f. Jettison the SM and the DRPA.

g. Orient to the CM entry attitude.

7.1.4 Mode IV aborts, contingency orbit insertion (CO1)

a. Abort is initiated; booster is cut off; and CSM +X RCS four-jet

ullage is ON.

b. CSM/S-IVB physical separation occurs 3 seconds after abort

initiation; CSM +X ullage becomes +X translation; SLA panels

are Jettisoned.
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c. Terminate CSM+X translation 24 seconds after abort initiation.
d. Orient to the modeIV CO1attitude: CSMheads down, CSM

+X-axis 31.7° above the LOSto the forward horizon; begin at-
titude hold and perform the required SPSC01 burn.

e. CSMinserts into a contingency earth orbit.
f. CM/SMseparation during entry for a contingency earth orbit.

i. CSMremains in the deorbit burn attitude.
2. Yawthe CSM+X-axis 45° north o-u_ of plane.

3. Jettison the SM and the DRPA.

4. Orient to the CM entry attitude.

7.1.5 Launch phase aborts, no SLA SEP (ref. 9)

a. Abort is initiated; booster is cut off; CSM +X RCS four-jet

ullage is ON.

b. At 3 seconds, SLA panels fail to separate, terminate CSM +X.

c. Perform CM jettison of the SM/SLA/S-IVB.

d. The SM -X RCS jets are ON for burn to fuel depletion at
CM/SM S P.

e. The CM orients to entry attitude.

7.2 Launch phase, nonstable (tumbling) aborts (refs. i0 and ii)

7.2.1 Modes II, III, and IV

a. Abort is initiated; booster is cut off; and CSM +X RCS four-

jet ullage is ON.

b. CSM/S-IVB physical separation occurs at 3 seconds after abort

initiation; CSM +X ullage becomes RCS rate damping; SLA

panels are jettisoned.

c. RCS rate damping continues until CSM rates are as follows.

i. For mode II, the rates must be low enough to _ermit orien-

tation to entry attitude and jettison of the SM and

DRPA (less than 5 deg/sec). The CM RCS can complete

rate damping, if necessary.

2. For modes III and IV, the rates must be low enough to

permit orientation to the proper abort burn attitude.

3. If time permits, the crew should try to establish that

the S-IVB and the jettisoned SLA panels are not in the
same direction as the abort burn.

7.3 Earth orbital aborts

7.3.1 CSM a_uo_.ts from the SLA/HN/S-iVB (refs. 8 and 12)

7.3.1.1 Primary abort procedure (retrograde attitude)

a. The crew manually orients the CSM/S-IVB configuration to the

abort attitude: CSM heads up, CSM +X-axis 31.7 ° below the
LOS to the rearward horizon.
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b. Abort is initiated; CSM +X RCS four-jet ullage is ON.

c. CSM/S-IVB physical separation occurs 3 seconds after abort

initiation; CSM +X ullage becomes +X translation; SLA

panels are Jettisoned.

d. Terminate CSM +X translation 24 seconds after abort initia-

tion; begin coast for 20 minutes.

e. Orient the CSM to the abort burn attitude: CSM heads up,

+X-axis 31.7 ° below the LOS to the rearward horizon.

f. SPS ignition occurs at 20 minutes after abort initiation.

g. CM/SM separation - same procedure as a contingency earth

orbit entry, section 7.1.4.

7.3.1.2 Secondary abort procedure (posigrade attitude)

a. If the crew cannot take manual control of the S-IVB, the

orbital abort will be performed with the CSM/S-IVB alined

in the posigrade, LH attitude.

b. Abort is initiated; CSM +X RCS four-jet ullage is ON.

c. CSM/S-IVB physical separation 3 seconds after abort initia-

tion; CSM +X ullage becomes +X translation; SLA panels are

Jettisoned.
d. Terminate CSM +X translation 24 seconds after abort initia-

tion; begin coast for 30 seconds.

e. During the 30-second coast period, the CSM orients to a

heads-up attitude and alines the +X-axis 31.7 ° below the

LOS to the rearward horizon.

f. At 54 seconds after abort initiation, perform CSM +X RCS

translation for 30 seconds.

g. Orient to the SPS abort burn attitude: CSM heads up, +X-axis

31.7 ° below the LOS to the rearward horizon.

h. SPS ignition at 20 minutes after abort initiation.

i. CM/SM separation - same procedure as a contingency earth

orbit entry, section 7.1.4.

7.3.2 CSM docked, aborts from the LM/S-IVB, earth orbit (ref. 13)

a. The CSM/S-IVB docked configuration is alined with the LH, CSM

+X-axis retrograde.

b. Abort is initiated; CSM jettisons the I_IS-IVB (the DRPA re-

mains with the LM) and performs -X RCS translation for 21 seconds.

c. The CSM orients to a heads-up attitude with the +X-axis alined

31.7 ° below the LOS to the rearward horizon and initiates

+X RCS translation for 30 seconds.

d. The CSM orients to the deorbit burn attitude: heads up, +X-axis

31.7 ° below LOS to rearward horizon.

e. SPS ignition occurs at 20 minutes after abort initiation.
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fo CM/SM separation.

i. CSM remains in the deorbit burn attitude.

2. Yaw the CSM +X-axis 45 ° north out of plane.

3. Jettison the SM.

4. Orient to the CM entry attitude.

7.3.3 CSM aborts from the LM, earth orbit (ref. 12)

a. After the LM is configured for jettison, the crew orients the

CSM to a posigrade, heads-down attitude and alines the CSM

+X-axis 31.7 ° above the LOS to the forward horizon.

b. Abort is initiated; the CSM jettisons the LM (the DRPA remains

with the LM) and performs -X RCS translation for 21 seconds.

c. The CSM then orients to the abort burn attitude: CSM heads up,
+X-axis 31.7 ° below the LOS to the rearward horizon.

d. SPS ignition occurs at 20 minutes after abort initiation.

e. CM/SM separation is performed.

i. CSM remains in the deorbit burn attitude.

2. Yaw the CSM +X-axis 45° north out of plane.
3. Jettison the SM.

4. Orient to the CM entry attitude.

7.4 TLI abort (ref. 14)

7.4.1 Booster shutdown is required

a. Abort is initiated; booster is cut off; and CSM +X RCS four-jet

ullage is ON.

b. CSM/S-IVB physical separation occurs 3 seconds after abort

initiation;_CSM +X ullage becomes +X translation; SLA panels

are jettisoned.

c. Terminate +X RCS translation 13 seconds after abort initiation,

and aline CSM +X-axis with the negative radius vector, towards
the earth.

d. At i minute after abort initiation, perform CSM RCS -X trans-

lation for 8 seconds, AV = 1.5 fps.

e. Orient to SPS abort burn horizon referenced attitude; thrust
vector alined 4.7 o below LOS to rearward horizon.

f. SPS ignition occurs at i0 minutes after abort initiation.

g. CM/SM separation - same procedure as nominal, section 3.6.

7.4.2 Booster shutdown not required, TLI burn completed - same procedure

as TLC 90-minute abort, section 7.5

7.5 TLC aborts (ref. 14)

7.5.1 90-minute abort (no T&D)

a. Nominal TLI is completed; S-IVB holds cutoff attitude for

20 seconds.

b. S-IVB orients to and holds local horizontal until _LI cutoff
plus 15 minutes.
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c. S-IVB orients to and holds nominal T, D, and E attitude.

d. At TLI cutoff plus 25 minutes, initiate abort; CSM +X RCS

four-Jet ullage is ON.

e. CSM/S-IVB physical separation occurs 3 seconds after abort

initiation; CSM +X ullage becomes +X translation; SLA panels

are Jettisoned.
f. Terminate +X RCS translation 13 seconds after abort initiation,

and aline the CSM +X-axis with the negative radius vector,

towards earth.

g. At i minute after abort initiation, perform CSM RCS -X trans-

lation for 8 seconds, AV = 1.5 fps.

h. Orient to SPS abort burn horizon referenced attitude. The

thrust vector is approximately 6° below the LOS to the rear-

ward horizon. Perform the SPS abort burn.

i. CM/SM separation - same procedure as nominal, section 3.6.

7.5.2 Direct abort from TLC (T&D was performed)

a. Aline CSM +X-axis 180 ° from the SPS abort burn attitude (near

the negative radius vector) 30 minutes prior to SPS ignition.

b. Jettison the LM.

c. Perform CSM -X RCS translation (retrograde) for a net

AV = I fps.

d. Perform SPS abort burn.

7.6 Circumlunar aborts

7.6.1 LM Jettison prior to abort - same procedure as staging during

TLC, section 5.1.3

7.6.2 LM Jettison after abort - same procedure as LM jettison during

TEC, section 5.3.2

7.7 Abort and rescue, lunar rendezvous

7.7.1 DOI overburn, direct return, LM staging required (appendix B,

fig. 7)

a. Aline LM +X-axis with LOS to the CSM.

b. Perform LM +X RCS translation and stage the DPS at the beginning

of +X.

c. Descent stage left in descent orbit; ascent stage returns to

the CSM.

d. For a direct abort caused by a DPS overburn, the descent stage

will impact the moon.

7.7.2 PDI aborts
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7.7.2.1 Staging prior to APS PDI, DPS retrograde (appendix B, fi_s. 8

and 9)

a. The LM orients to the PDI attitude.

b. Perform LM -X RCS translation (retrograde) for a AV = 2 fps.

c. Perform LM +X translation and stage the descent stage.
d. Perform APS PDI.

e. The descent stage orbit will not phase with the CSM until

approximately 51 hours later, after the nominal time for

TEl. If TEl is delayed and if the descent stage passes

ahead of the CSM, recontact problems during the TEl ma-
neuver could exist.

7.7.2.2 Staging prior to CSI (DPS retrograde and north)

NOTE: If possible, avoid staging the descent stage prior to CSI

because recontact problems between the descent stage and the CSM

would exist (appendix B, figs. 8 and i0 through 12).

a. Aline the LM +X-axis 45° south out of plane with the posi-

tive V.
i.

b. Perform LM -X RCS translation for a AV = 3 fps.

c. Stage the descent stage and perform LM +X RCS translation

for a net AV = 3 fps.

7.7.2.3 Staging prior to CDH, LM APS translates retrograde (appendix B,

fig. 13)
a. LM orients to CDH attitude.

b. Perform LM +X RCS translation and stage the DPS.

c. LM APS performs CDH.

d. The descent stage orbit will not phase with the CSM until

approximately 45 hours later, after the nominal time for

TEl. The descent stage will be down range, ahead of the

LM at TEl (appendix B).

7.7.2.4 Staging prior to TPI

a. LM orients to TPI attitude.

b. Perform LM +X RCS translation and stage the DPS.

c. LM APS performs TPI.

d. No recontact problems exist.

7.7.2.5 Staging prior to TPF (first braking gate)

NOTE: Staging prior to the first braking gate of TPF should be

_erformed only _f _s_ary_ TPF should be performed with the

DPS and staging Derformed after docking. Although the following

procedure stages the descent stage out of plane, recontact problems

may still exist (appendix B).

a. Aline the LM +X-axis with the LOS to the CSM (after TPI).

b. Yaw the LM +X-axis _5° south out of plane.

c. Perform LM -X RCS translation (retrograde) for a AV = 3 fps.
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d. Stage the descent stage and perform LM+X RCStranslation
(posigrade) for a net AV= 3 fps.

e. Ascent stage completes docking.

7.7.3 CSMrescue
a. The descent stage is not separated during rendezvous.
b. The CSMperforms rescue maneuvers.
c. Theprocedures for staging and Jettison in a docked configura-

tion are covered in the descent-stage-only rendezvous,
section 6.0.

7.7.4 Partial phasing, descent stage separation required (appendix B,
figs. 14 and 15)

NOTE: If a partial phasing burn results in a AV= 81.0 to 92.5 fps
and if staging is performed, recontact problems between the descent
stage and CSMwill exist. The following procedure will avoid this
situation.
a. Partial phasing occurs; DPSstaging is required.
b. AVfrom phasing is between 81.0 and 92.5 fps.
c. Donot stage; remain in the phasing attitude.
d. Perform LM-X RCStranslation to achieve a net AV from phasing

of less than 81.0 fps.
e. Stage the DPSimmediately at the beginning of the LM+X

translation.
f. Completephasing with the LMAPS.

7.7.5 LMJettison after lunar rendezvous abort - sameprocedures as
nominal, section 3.5

7.8 Contingency (early) TEl - section 6.1.5 (appendix B, fig. 16)
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8.0 EMERGENCYSEPARATIONPROCEDURESFORAN
IMPENDING,DETECTABLES-IVB EXPLOSION

8.1 CSM(alone) separation from the S-IVB (appendix G)
a. Warning is received; abort is initiated; S-IVB is shut down

(if thrusting); initiate CSM+X RCS.
b. CSM/S-IVBphysical separation at 3 seconds; continue RCS+X

translation.
c. At 3 seconds after separation (6 sec after abort initiation),

terminate RCS+X and perform a 4-second SPSburn.
d. The CSMwill achieve a range of 7080 ft within 182 seconds.

For a warning time of 200 seconds, a separation delay of up
to 18 seconds could be tolerated.

8.2 CSM/LMseparation from the S-IVB (appendix H)

ao

b.
Warning is received; CSM/LM ejects from the S-IVB.

After ejection, orient to the nominal SPS evasive maneuver at-

titude and perform an 8-second SPS burn. Burn time will vary

depending on warning time remaining at SPS ignition (ap-

pendix H).
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APPENDIXA

CONTINGENCYEVASIVEMANEUVERSEQUENCE

FORAPOLLOMISSIONSF ANDG
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TO

FROM

_'lrtQI4/_ POI_M 1140. 10

MAy 1ill

IrPMR (41 CleW) t0t-lI.Q

UNITED STATES GOVERNMENT

Memorandum
: See List Below

: FM3/Flight Analysis Branch

NASA-M;mned Spacecraft. Center

_li_sion Plan.,@, & An:dysis Division

DATE: APR 3 O 1969

69-FM57-187

SUBJECT: Contingency evasive maneuver sequence for Apollo Missions F and G

• Reference: MSC Memorandum 69-FM57-155 by Mr. Marland L. Willlamson and

Mr. Charles W. Fraley, "Evasive maneuver relative motion for the Apollo

Missions F and G," dated March 26, 1969.

Recommendations

In the event a contingency condition develops where the S-IVB LH 2 pro-

pulsive vent has failed open following TLI, and cannot be closed prior

to LM ejection, the contingency evasive maneuver sequence of Table I is

recommended. Nominally, the LH2 propulsive vent will open at TLI cutoff

and close at TLI + 15 minutes, and the nominal evasive maneuver sequence

published in the reference will be satisfactory.

The contingency sequence differs from the nominal in that at 1 to 5 minutes

after ejection, the CSM performs a 5 second +X RCS maneuver in the SPS

evasive maneuver attitude (pitch down 75 ° from the local horizontal).

Otherwise, the nominal procedure is followed.

Summary

The second RCS maneuver is performed in the s_me attitude as Lhe SPS

evasive maneuver (pitch down 75° from the local horizontal) at approxi-

mately 70 seconds after IN ejection. As soon as the IN has cleared the

S-IVB following ejection, the CSM+IN will orient to the SPS evasive

maneuver attitude and immediately perform CSM +X translation for 5 sec-

onds. This maneuver will result in the CSM passing below and behind

the S-IVB for a no-vent case (figure l) and below and ahead for an

S-IVB 8 lb vent (figure 2). The expected thrust level at LM ejection

is less than 5 lbs for a LH2 vent failed open, therefore, these two
cases will bound the relative motion.
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2

As indicated by figures i and 2, the addition of a 5 second +X CSM RCS

burn at 70 seconds after ejection in the SPS evasive maneuver attitude

will prevent any recontact with the launch vehicle for a vent thrust of
0-_ ibs.

Marland L. Williamson

Charles W. Fraley

Enclosures

Addressees:

(See attached page)

APPROVED BY:

and Analysis Division
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Table I

Contingency Evasive Maneuver Sequence of Events I

T ime

Oh 0TM 0 s

Oh Om 5 s

Oh 0m 8s

Oh 0TM 21.5 s

oh 1TM lOs

O h 1 TM 15 s

Oh 30 TM 15 s

Eve nt

CSM/LM ejection.

Initiate CSM RCS -X translation.

Terminate C_M RCS -X translation.

a. The spacecraft will have translated

approximatel_ 25 feet (14 feet from the SLA
ring station) based on a minimum spring

ejection efficiency of 48 per cent.

b. Initiate orientation to the SPS evasive

maneuver attitude (pitch = -75 ° , yaw = O,

roll = 55 ° from heads-up attitude on Ma{ 18).
Roll (OGA) = 55.7 ° , pitch (IGA) = 255.7 , yaw

(MGA) = 358.4 ° .

Initiate CSM RCS +X translation, based on a

CSM/LM pitch rate of 2°/seconds.

Note: The clearance between the S-IVB and

the CSM/LM at 70 seconds is 37 feet. For

an 8 lb propulsive vent on the S-IVB, this

clearance increases to a maximum of 73 feet at

3 minutes after ejection, then decreases to

zero at 6 minutes. The clearance at 5 minutes

is 39 feet. A lower pitch rate may be utilized

for orienting to the proper attitude, therefore,

and still allow RCS +X translation prior to

5 minutes.

Terminate CSM RCS +X translation.

Initiate SPS evasive maneuver.

_o be used in the event the S-IVB LH 2 propulsive vent fails open

after TLI and cannot be closed prior to LM ejection.
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9 _ •

0 0 0 0 0 C) 0

o o o o o o o qlJON
r-i _ ,-t

IJ 'a6uE_sso_3

0
0
0
t'Xl

0
0

CO
r-I

0
0
_0

0
C)

0

0

e-

E

rJ

0 o_
0 °_

t-I "o

c-

o

0 ._

0
0
,.0

A

0

0
0
(_1

(-

(v
nn

0

e,-.

o -,
(.) rJ

(U I

o
N _3_

'- LL
O

--r

,33



40

0
0
O0

Q,)

(1,)

E

Ol
(/)

GJ

r_
(_

_J
t-
o

_-.

_3 u0
'- C.)

E
o

_. e-"

_ m

> T

e-.
o
N

"E
0

e-

e-"

e-
0

0m

o

!

Q,I

L_



41

0
0

0
0
0
r-I

i:! iil

:!il i_!
Xl

i:i !i/ _!i
ii :;: Ct!

¢ i!! '!!

!!1!',!!!!!

!t] I,! it

I: /'? :i

: ;L[ b

i it
&_ t'!

tli i'i iil

li t!_ :,,,,
_H ,,,
Hi

iF _" trr
::: dH !_1

nt tit

'!i ',',: iH
_,1!J!it_m

0
O0

0 0 0

o o o q_0N
,,O _l" Oq

:lJ 'a6uEJss0_:3

O

O
O

¢J

O

q,)
..E

O
O
I'M

O
O

O
O

i-I

O
O
q_
PI

O
O

o2
qlnoS o

0
0

d
o _ _'
o . _ __

o o

o '_ _
o " _ 0
cO .__

o o o -_
0 N .-- ._'1

"== l,=

o_ =o ,,





43

APPENDIX B

SEPARATION AND RECONTACT STUDY

MISSION F LUNAR ORBIT ACTIVITIES





TRW

45

552_. 8-60

2 May 1969

National Aeronautics and Space Administration

Manned Spacecraft Center

Houston, Texas 77058

Attention: M. L. Williamson, Task Monitor

MSC/TRW Task A-122.1

Mission Planning and Analysis Division

Subject: Separation and Recontact Study Mission F Lunar
Orbit Activities

Gentlemen:

The attachments to this letter are the results of a study performed

under Task A-122.1 for support of Mission F. The study covers all

of the critical separation and recontact situations in lunar orbit,

including the nominal lunar orbit maneuvers, contingency and abort
procedures in lunar orbit, and the lunar orbit alternate missions.

The alternate missions analyzed are the DPS-only rendezvous, the

inoperative APS procedures, the APS-only rendezvous, and the mini-
maxi football rendezvous.

Potentially serious recontact problems were found for the nominal

rendezvous and two of the abort procedures. These problems are dis-

cussed in detail, and possible solutions are presented. In addition,

potential recontact hazards are described for off-nominal execution
of nominal maneuvers.

Yours truly,

D. A. Davidson, Task Manager

MSC/TRW Task A-122.1

Analytic Mechanics Section

:DMG:_: eac

W. F. Heugel { -

Assistant Project Manager

Flight Dynamics

Mission Trajectory Control Program

Attachments
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i.O INTRODUCTION AND SUMMARY

The following sections present the results of a study of separation

and recontact problems for the lunar orbit activities of Mission F.

The results are organized into three parts: an analysis of the

nominal mission maneuvers, an analysis of aborts that could be per-

formed in lunar orbit, and an analysis of lunar orbit alternate

missions. The results are presented in the form of relative motion

plots, recontact hodographs, and discussions of the recontact problems

that occur.

Three serious recontact problems are noted. The first is caused

by the current staging maneuver during the nominal rendezvous. The

LM descent stage is given a rearward secular drift of about &OO

nautical miles per orbit, which is sufficient to lap the CSM in

about 30 hours, before the TEI maneuver is executed.

The second recontact problem relates to the PDI abort profile when

the LM staging is performed between the PDI maneuver and the following

maneuver, CSI. LM staging during this period leaves the LMdescent

stage nearly on a collision trajectory _th the CSM. If plume impinge-

ment dispersions during staging and state vector uncertainties are

considered, a recontact is possible.

The third recontact problem occurs for a partial phasing maneuver where

the LM stages and completes the maneuver with the APS engine. If the

partial phasing occurs in the range of 81 to 92.5 feet per second,

and the LM is staged to allow completion with the APS, the LMdescent

stage is left on a collision course with the CSM.

Detailed discussions of these problems and other recontact problems

are given in the following text. In each case, possible solutions

are presented.



52

5524.8-60
2 May1969
Page2

2.0 RECONTACTPROBLEMSDURINGTHENOMINALLUNARORBITMANEUVERS

The nominal lunar orbit activities begin at LOI-2 and continue

through TEI. Theseactivities include the nominal rendezvousand
the APSburn-to-depletion. The nominal relative motion for these
activities are presented below, along with a discussion of possible

recontact problems.

2.1 Recontact ProblemsDuring the NominalRendezvous

Thenominal LMstaging for Mission F is scheduledto occur about

10 minutes prior to the insertion burn during the LM-active rendezvous
in lunar orbit. Under certain conditions, there is a possibility

that the LMdescent stage will contact either the CSMor the LMascent
stage. Thesetwo problemswere analyzed and are discussed separately
below.

2.1.1 Recontact ProblemsBetweenthe LMDescent Stage and CSMafter
NominalStaging

Figure 1 showsthe motion of the LMdescent stage relative to the
CSMfor several orbits after staging. Thefirst upwardpass of the
LMdescent stage is about lOOnautical miles to the rear of the CSM.

Subsequentpasses are even further to the rear, becausethe LMdescent
stage has a rearward secular drift of about &OOnautical miles per
orbit. This drift is due to the difference in periods, which is
nominally A57seconds. There are no recontact problemson the first
pass, becausethe minimummiss distance of lOOnautical miles is only
slightly affected by maneuverdispersions.

Figure 2 showsthe nominal motion of the LMdescent stage relative to
the CSMat about 30 hours after the nominal staging. At this time,
the CSMhas lapped the LMdescent stage and once more comesinto its
immediatevicinity. The closest approach of the LMdescent stage
indicated in Figure 2 is about 30 nautical miles to the rear of the
CSM,occurring at about 15 LMdescent stage orbits (16 CSMorbits)
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after staging. It should be emphasized that the relative motion of

Figure 2 is only the theoretical motion of the LM descent stage, based

on perfect execution of all the rendezvous maneuvers prior to staging,

and assuming no velocity is imparted to the CSM during docking and

during the LM jettison separation maneuver. If these dispersions and

velocity increments are considered, a recontact is possible. For

example, a velocity uncertainty at staging of one foot per second will

produce an uncertainty of three feet per second in the rearward secular

drift rate of the LM descent stage. This rate, propagated over 30 hours,

means an uncertainty of 53.3 nautical miles in the closest miss distance.

This is more than the theoretical miss distance of 30 nautical miles.

The relative motion plots of Figures 1 and 2 show that the LM descent

stage crosses the CSM altitude about once every 200 nautical miles.

Thus, if the uncertainty in the closest miss distaqce is lO0 nautical

miles or more (corresponding to a total velocity uncertainty of 2 feet

per second or more), the phasing between the CSM and LM descent stage

becomes completely random, and the CSM could be hit regardless of its

initial phasing with the LM descent stage. Since the LM descent stage

crosses the CSM altitude about every 200 nautical miles, the odds are

about a thousand to one against passing within 600 feet of the CSM for

the case of random phasing. However, a minimum miss distance of lO0

nautical miles or less is certain.

Figure 3 shows the 60-nautical mile circular CSM orbit and the orbit

of the LM descent stage, which has an apocynthion of 19_._ nautical

miles and a pericynthion of 9.8 nautical miles. The orbits cross in

two places. Regardless of the phasing of the LM descent stage, recontact

will occur at one of these two points if it actually occurs. Conse-

quently, these are the critical places where the astronauts should be

looking for the LM descent stage. The times at which the CSM passes

through these points can be accurately calculated, because they do not

depend on the phasing of the LM descent stage in its orbit. For the

three closest passes (labeled "Pass I", "Pass II" and "Pass III" in Figure 2),

the g.e.t, are 13&:06:20 (Pass I), 13A:37:35 (Pass II), and 136:36:30
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(Pass III). The uncertainty in these times is the "window", or period

when a collision is possible. This window represents the uncertainty

in the time at which the CSM crosses the LM descent stage orbit. For

every, uncertainty in the CSM velocity of one foot per second, the

window is about one minute on either side of the nominal time.

During the window computed for Pass I, the astronauts should be look-

ing for the LM descent stage along a line pitched 78 degrees up from the

posigrade horizontal, because if the LM descent stage is on a collision

path, it will be approaching from that direction. This angle can be

accurately computed, and is not sensitive to minor velocity dispersions.

In fact, the astronauts could use it to determine which way to maneuver,

if necessary. This determination might otherwise be difficult, because

the LM descent stage cuts through the CSM orbit with a relative velocity

of about 460 feet per second. On the next two passes, Pass II and Pass

III, the LM descent stage would be approaching from below. During the

windows for these two passes, the astronauts should be looking along

a line pitched down 78 degrees from the posigrade horizontal.

There is a possibility of establishing a minimum miss distance between

the LM descent stage and CSM by staging the LM descent stage out-of-plane.

Since the staging maneuver occurs near pericynthion, an out-of-plane

maneuver tilts the plane of the LM descent stage so that its maximum

out-of-plane separation occurs when it is near the CSM altitude. This

possibility was evaluated by analyzing a staging maneuver where the LM

descent stage is given a velocity increment of two feet per second at

a yaw angle of _5 degrees from the horizontal posigrade direction (this

angle is zero for the current maneuver). The resultant relative motion,

illustrated in Figure 4, is a spiral around the track of the CSM. The

minimum miss distance on an upward pass is about 1500 feet, and about

lO00 feet on a downward pass. If the orbit were not seriously disturbed,

these same minimum miss distances could be guaranteed thirty hours

later, when the CSM laps the descent stage. However, the LM descent
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stage orbit is susceptible to disturbance by mass concentrations,

particularly at pericynthion, which is only 9.8 nautical miles. A

lateral disturbance at pericynthion could conceivably cancel the

original maneuver.

2.1.2 Recontact Problems Between tb2 LM Descent Stage and LM Ascent

Stage after Nominal Staging

Figure 5 illustrates the motion of the LMdescent stage and the LM

ascent stage after the staging and insertion maneuvers, respectively.

Both plots are given with respect to the orbit of the LM just prior

to staging.

Under the current procedures, the LM staging is executed by orienting

the ÷X axis of the LMalong the retrograde horizontal, firing the -X

RCS jets to acquire a velocity of two feet per second posigrade, staging

the descent stage, and firing the +X RCS Jets to null the original

maneuver. This leaves the LM ascent stage in the original orbit, and

imparts a velocity increment of two feet per second posigrade to the

LMdescent stage. In the relative motion plot of Figure 5, the LM

descent stage begins its relative trajectory, and the LM ascent stage

remains at the origin. Ten minutes later, when the LMdescent stage

is above and ahead of the LM ascent stage, the ascent stage executes

the ins_rtionmaneuver with the APS engine. This maneuver is pitched

27._ degrees up from the retrograde horizontal, with a velocity

increment of 213.3 feet per second. At this time, the ascent stage

leaves the origin and follows the trajectory shown for the LM ascent

stage in Figure 5.

Since the LMdescent stage is above and ahead of the ascent stage at

the time of insertion, there is no possibility of recontact with the

current procedures. However, Figure 5 does illustrate a limitation

on the time at which staging may occur. The LM descent stage requires

65 minutes to reach the point _here the trajectories cross, and the

LM ascent stage requires 2 minutes to reach the same point. Consequently,

if staging is done 63 minutes prior to insertion (as opposed to the

currently planned lO minutes), the ascent stage will recontact the
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descent stage 2minutes after insertion. For this reason, early

staging should be avoided.

2.2 Relative Motion for the Nominal APS Burn to Depletion

The nominal procedure for the LM jettison and the APS burn to depletion

begins thirty minutes prior to the APS burn, when the CSMmaneuvers

to put the LMascent stage into the inertial attitude for the APS

burn, performs final LM jettison and uses the -X SM RCS jets to acquire

a net separation velocity of one foot per second. As soon as the sep-

aration is complete, the CSM nulls the separation velocity and comes

to a station-keeping position downrange of the LM. At 22 minutes prior

to the APS burn, the CSM orients the +X axis along a line 60 degrees

below the retrograde horizontal, yaws &5 degrees south, and executes

a -X SM RCS burn for a velocity increment of 3 feet per second. The

relative motion for this evasive maneuver is shown in Figure 6. At

the time of the APS burn, which is targeted along the horizontal

posigrade, the CSM is 3300 feet above the LM ascent stage, 2300 feet

behind it, and 2100 feet out-of-plane.
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3.0 RECONTACT PROBLEMS FOR LUNAR ORBIT ABORTS

The lunar orbit abort procedures which were studied included aborts

from the lunar rendezvous and situations requiring an early TEI. The

lunar rendezvous aborts were (1) a direct return from an overburn of

the DOI maneuver, (2) a PDI abort, which is a five-impulse abort similar

to the nominal rendezvous, and (3) an abort due to a partial phasing

maneuver. Each of these problems is discussed separately below.

3.1 Aborts Due to a DOI Overburn

If an overburn occurs for the D01 maneuver, the current procedure calls

for an RCS trim maneuver using the LM -X jets if the overburn is 12 feet

per second or less. If the overburn is greater than 12 feet per second,

the LMwould pitch approximately lSO degrees to orient the LM +X axis

along the line-of-sight to the CSM. In this attitude, the LM stages off

the descent stage and executes a ÷X LM RCS interconnect burn to cancel

the DOI velocity increment and establish a closing rate toward the CSM

of eight times the range (closing rate in feet per second, range in

nautical miles). This establishes a fixed return time of 12.5 minutes.

The only conceivable recontact problem associated with this type of

abort is the possibility that the LMdescent stage would lap the CSM

because of the difference in periods, and once more come into its

immediate vicinity. However, this problem does not exist, because

the minimum overburn for which the abort is executed (12 feet per second)

is sufficient to insure that the LM descent stage will crash into the

lunar surface. Figure 7 illustrates the motion of the LMdescent stage

from DOI to lunar contact for this case.

3.2 PDI Aborts

If the DOI maneuver is underburned by 3 feet per second or less, the

current procedure is to trimthe residuals with the ÷X LMRCS thrusters.

If the underburn is more than 3 feet per second, a PDI abort is initiated.



98

5524.8-60
2 May 1969

Page 8

This abort is a five-impulse maneuver, similar to the nominal ren-

dezvous, but requiring one less revolution to complete. The nominal

profile for the PDI abort is shown in Figure 8.

The recontact problems for a PDI abort depend upon where the LM

staging occurs. There are five discrete cases, corresponding to LM

staging during each of the five coasting phases of the abort profile.

Each case is discussed separately below.

3.2.1 PDI Abort; LM Staging Between DOI and PDI

This abort could be precipitated by a failure of the descent stage engine

during DOI that would necessitate the use of the ascent stage engine

for the remaining maneuvers of the abort. In any case, the procedure

for this case is to keep the LM descent stage until Just prior to the

PDI maneuver, and then, in the PDI attitude (+X LM axis posigrade),

fire the -X RCS jets to acquire 2 feet per second retrograde, stage,

fire the +X jets to null the maneuver, then execute the PDI maneuver

with the main ascent engine.

This procedure essentially leaves the LM descent stage in the orbit

established by the DOI maneuver. The LM descent stage moves below and

ahead of the CSM, and, as shown in Figure 9, there is no recontact

problem for the first few orbits after staging. However, the period

of the LM descant stage in less than that of the CSM by 275 seconds,

and after 51 hours, the LM descent stage completely laps the CSM and

once again returns to its immediate vicinity. If the CSM has not

executed the TEI maneuver by this time, a recontact problem could

exist. The problem is not recontact between the LM descent stage and

an orbiting CSM, because the staging maneuver reduces the apocynthion

of the LM descent stage to 58.5 nautical miles. Consequently, the

CSM is always at least 9000 feet above the LM descent stage. However,

if TEI is executed Just after the LM descent stage laps the CSM, the

LM descent stage could be below and ahead of the CSM. The TEI maneuver

could be targeted in this direction.
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3.2.2 PDI Abort: LM Stagin_ Between PDI and CSI

If the descent engine is used to execute the PDI maneuver, the next

ootion is to stage between PDI and CSI. The procedure for this

ootion is to orient to the CSI attitude (+X LM axis oriented along

the oosi_rade horizontal) and execute an RCS staging immediately prior

to the CSI maneuver.

The motion of the LMdescent stage for the first few orbits after

staging at CSI is shown in Figure 10 for the case of a zero staging

velocity increment. Actually, the LMdescent stage will receive a

slight retrograde velocity increment at staging due to RCS plume

impingement, but the motion of Figure lO serves to illustrate the

oroblem. The LM descent stage loops around the CSM, drifting slightly

to the rear. Obviously, there is a possible recontact problem, but it

is not obvious just how recontact could occur.

Figure ll is a recontact hodograph showing all of the possible maneuvers

that could be executed at CSI that would result in recontact with the

CSM. The ordinate and abscissa of the hodograph are vertical velocity

increment and downrange velocity increment, so that each point represents

some maneuver that could be imparted to the LMdescent stage during the

staging at CSI. The curves plotted on the hodograph are the locus of

maneuvers that produce recontactwith the CSM. Several branches of the

curve are plotted in Figure ll. Branch I is the locus of all maneuvers

which pro_llce recontact within one orbit after staging. Similarly,

Branch II is the locus of maneuvers for recontact during the second

orbit after staging, etc.

The hodograph of Figure ll is important primarily because it gives a

complete solution, showing all of the possible maneuvers that can

oroduce recontact. From this plot, the smallest maneuver that will

oroduce recontact is easily identified. This maneuver lies on

Branch III, and consists of imparting a retrograde velocity increment

to the LMdescent stage of A.6 feet per second.
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The corresponding recontact trajectory is shown in Figure 12. Since

the maneuver was on Branch III of the hodograph, recontact occurs

during the third orbit after staging. This type of recontact is

definitely possible, because even the nominal procedure will impart

a retrograde velocity increment to the LM descent stage at staging.

This increment, caused by RCS plume inpingement, might be as much as

2 feet per second. The remaining velocity increment is within the

cumulative uncertainty of the state vector at CSI.

The simplest way to avoid this problem is to execute the CSI maneuver

with the descent engine, delaying the LM staging. If this is not

oossible, then the LM should be staged out-of-plane. This tilts the

orbital plane of the LM descent stage so that it returns to the ori-

ginal plane only at apocynthion and pericynthion. Whenever the LM

is at the CSM altitude, it would have a definite out-of-plane dis-

placement.

3.2.3 PDI Abort; LMStaging Between CSI and CDH

If the descent engine is used to execute the CSI maneuver, the next

opportunity for staging would be Just prior to the CDH maneuver. This

staging would require orienting the LM to the CDH attitude (+X LM axis

oriented along the retrograde horizontal), and executing an RCS staging

just before the CDH maneuver. The relative motion of the descent stage

for this type of staging is shown in Figure 13 for about one orbit after

staging. There is no recontact problem on the first few orbits, but

a rearward secular drift rate of 285 nautical miles per orbit is evident.

Consequently, the CSMwill lap the LMdescent stage after about A5

hours. This problem is similar to the one discussed for the nominal

rendezvous, except that the time required for lapping is greater.

Therefore, the LMdescent stage might not fully lap the CSM. However,

it could be in front of the CSM at the time of TEI.
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3.2.A PDI Abort; LM Staging Between CDH and TPI

If the LM is to be staged between CDH and TPI, the current procedure

is to execute an RCS staging at the start of the TPI maneuver. This

maneuver leaves the LMdescent stage in a &5-nautical-mile circular

orbit below the CSM. There are no recontact problems associated with

this tyoe of staging, because the LMdescent stage remains below the

CSM. In this orbit, the descent stage will lap the CSM after about

90 hours. However, TEI would be executed prior to this timg.

3.2.5 PDI Abort; LM Staging Between TPI and TPF

If the LM descent stage is retained through the TPI maneuver, the

next opportunity for staging is just before the first braking gate,

when the CSM is 6000 feet from the CSM. The current procedure for

this maneuver is to orient the +X axis of the LM along the line-of-

sight to the CSM, yaw A5 degrees south out of plane, fire the -X LM

RCS thrusters to acquire 3 feet per second, stage, and fire the +X

LMRCS thrusters to acquire 3 feet per second, nulling the original

maneuver.

As long as the LMis approaching the CSM in plane, this procedure will

guarantee an out-of-planemiss distance of about 350 feet between

the LMdescent stage and the CSM. However, if the motion of the LM

is not directly towards the CSM at TPF, a recontact may occur.

Specifically, if the CSM is about 350 feet north of the relative

velocity vector of the LM at TPF, the current procedure would result

in recontact between the LM descent stage and CSM. For this reason,

staging near TPF is not recon_nended. If the LM is unstaged at TPF,

_+ s_^,_lA ^_ .... _^ k_1._---- _^_I.._ _- _o,, and ---_---_ _,,_ _ __u_, _v_ w_,, _,_ _J_-_, p_-±u_'m docked

staging.

3.3 Aborts Due to a Partial PhasingManeuver

If the phasing maneuver during the nominal rendezvous is underburned by

3 feet per second or less, or overburned by 12 feet per second or less,

the residuals will be trimmed by using the LMRCS thrusters. For an
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overburn of more than 12 feet per second, no trim would be attempted.

Instead, the insertion maneuverwould be retargeted. If there is an
underburn of more than 3 feet per second, but less than 25 feet per
second, the LMwould stage and complete the phasing maneuverwith
the +X LMRCSthrusters. If the underburn is greater than 25 feet per
second, the LMwould stage and complete the maneuverwith the APS
engine. If the APSalso fails, the LMwould maneuveronly if the
partial phasing AVis less than &Ofeet per second (out of a total
phasing burn of 193.5 feet per second). In this case, the LM+X
RCSthrusters would be used to boost the total phasing AVto &Ofeet
per second. Thereafter, the LMwould await a CSMrescue.

The only recontact problem associated with these procedures lies in the
fact that the LMdescent stage can be left behind with a partial phasing
AV. Prior to phasing, the LMis movingaheadof the CSM. The phasing
maneuverputs it aboveand behind the CSM. Therefore, there is some
partial phasingmaneuverthat would put the LMdescent stage directly
back towards the CSM. If the descent engine failed at this particular

time during the phasing burn, and the LMstaged and comoleted the
phasing maneuverwith the APS,the LMwould be left on a collision
course with the CSM.

This problemwas investigated by plotting the recontact hodograph

shown in Figure 1A. Theaxes of this graph are the downrangevelocity
increment at phasing and the vertical velocity increment at phasing,
so that eachpoint on the gra_ represents somepossible maneuverat

phasing. The recontact lines that are plotted on the hodograph
represent the locus of maneuversthat result in recontact with the
CSM. Thereare several branches to the recontact curve. Branch I

reoresents recontact within one orbit after phasing, Branch II is the
locus of maneuversfor recontact during the secondorbit after phasing,
and so on. Themaneuverline that is plotted on the hodographrepresents

the locus of all possible partial phasing maneuvers. All of the recontact
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curves intersect the maneuver line in a narrow region from 81 to 92.5

feet per second. Consequently, if there is a partial phasing in this

range, there will be a possible recontact problem between the LM

descent stage and CSM. The relative motion of the LM ascent and LM

descent stage for a partial phasing of 92.5 feet per second is shown

in Figure 15. As indicated, the LMdescent stage recontacts the CSM

in less than one orbit. Similar plots could be drawn for other partial

phasing burns between 81 and 92.5 feet per second, showing recontact

during the second orbit, third orbit, etc.

The critical range of partial phasingvelocities can be avoided by

using the -X LMRCS thrusters prior to staging. If a partial phasing

of between 81 and 92.5 feet per second occurred, the -X thrusters

could be used to reduce the phasing velocity to less than 81 feet per

second. The LMcould then be safely staged, and the maneuver completed

with the APS engine.

3.A LM Jettison Prior to a Contingency TEl

If a contingency TEl situation occurs before the nominal LMjettison,

the jettison would be executed at least one hour prior to TEI. The

procedure is to orient the CSM+X axis along the posigrade horizontal,

jettison the LM, and fire the -X SM RCS thrusters to acquire a total

velocity increment of one foot per second (including the velocity due

to the jettison impulse). The relative motion for this case is shown

in Figure 16. Since the jettison occurs at least one hour prior to

TEI, the LMwill be above and behind the CSM at TEI. For the nominal

TEI, the same procedure is followed, except that it is executed

about 1 3/4 orbits prior to TEI. The same relative motion applies,

except that the LM is further behind the CSM at TEI.
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A.O RECONTACT PROBLEMS FOR LUNAR ORBIT ALTERNATE MISSIONS

There are four alternate missions that could be flown while in lunar

orbit. First, there is a DPS-only rendezvous, in which the LM

descent stage is retained throughout the nominal rendezvous, and the

LM returns unstaged to the CSM. Second, there is the alternate mission

precipitated by an inoperative APS engine. Third is the nominal

rendezvous executed entirely with the APS engine, and fourth is the

mini-maxi football, using the LM RCS jets.

A. 1 DPS-Only Rendezvous

If the DPS engine is used for all the nominal rendezvous maneuvers

(except TPF), so that the LM descent stage is retained through the

entire rendezvous sequence, there are three possible cases to consider.

First, if the LM descent stage had been retained during the rendezvous

because of a problem with the consumables on the LM ascent stage, the

DPS-only rendezvous would be followed by a docked staging and the

nominal APS burn-to-depletion. The procedure for these maneuvers is

to maneuver the CSM/LM to orient the +X axis of the LM along the

retrograde horizontal, perform a docked staging, and fire the +X LM

RCS thrusters for a total velocity increment of 3 feet per second.

This separation is performed three hours orior to the APS burn-to-

depletion. At thirty minutes prior to the APS burn, the CSM would

orient to the inertial attitude for the long APS burn, perform final

LM Jettison, and come to a station-keeping position downrange of the

LM. Twenty-two minutes before the APS burn, the CSM would pitch nose

down 60 degrees from the horizontal retrograde, yaw the nose h5 degrees

south, and perform an evasive maneuver of 3 feet per second with the

-X SM RCS thrusters. The APS burn-to-depletion would be directed

along the horizontal posigrade.

The relative motion for these maneuvers is shown in Figures 17 and 6.

Figure 17 shows the motion of the LM descent stage relative to the CSM,
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including the effect of the CSM evasive maneuver. Note that the

evasive maneuver has the effect of slowing the rearward drift of the

LM descent stage. However, the drift is not reversed, so there is

no recontact problem. Figure 6 shows the motion of the CSM with

respect to the LM ascent stage for the CSM evasive maneuver.

Twenty-two minutes after this maneuver, at the time of the APS burn,

the CSM is 3300 feet above the LM ascent stage, 2300 feet behind it,

and 2100 feet out-of-plane.

If the DPS-only rendezvous had been caused by a failure to stage or

some other reason that prevents further APS engine burns, the LM

would simply be jettisoned after the rendezvous. The procedure is

to orient the CSM ÷X axis along the posigrade horizontal, perform

LM jettison, and fire the -X SM RCS jets to acquire a velocity incre-

ment of 3 feet per second. The relative motion of the LM after this

maneuver is shown in Figure 18.

A third reason for a DPS-only rendezvous is to retain the LM descent

stage for a DPS TEI. In this case, LM staging and jettison are executed

during TEC rather than in lunar orbit, using the same procedures as

for the lunar flyby.

_.2 Inoperative APS Engine

If the APS engine becomes inoperative at any time after the LM-active

rendezvous, the LM ascent stage would simply be jettisoned. The

procedure is to orient the +X CSM axis along the posigrade horizontal,

jettison the LMand fire the -X SMRCS jets to acquire 3 feet per second.

The relative motion for this case is the same as that shown _n Figure 18_

%.3 APS-Only Lunar Rendezvous

If all of the nominal rendezvous maneuvers are performed with the APS

engine, the maneuver sequence and relative motion is the same as for

the nominal rendezvous, except that LM staging would be performed during

the CSMmini-football, 15 minutes prior to the DOI maneuver. The

procedure for staging is to orient the +X axis of the LM along the
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posigrade horizontal, acquire a retrograde velocity increment of

3 feet per second with the -X LM RCS Jets, stage, and fire the ÷X

LM RCS jets to null the original maneuver. This procedure has the

effect of imparting a retrograde velocity of 3 feet per second to

the LM descent stage, and leaves the LM ascent stage in its original

orbit.

Figure 19 shows the relative motion of the CSM, LM descent stage, and

LM ascent stage with respect to the CSM/LM orbit just before the ren-

dezvous. The first maneuver after undocking is a maneuver of 2.5 feet

per second down, performed by the CSM. This puts the CSM into a

mini-football ahead of the LM, as indicated in Figure 19. The staging

maneuver is next, imparting a retrograde velocity of 3 feet per second

to the LMdescent stage, and leaving the LM ascent stage in the original

orbit. At this juncture, the LMdescent stage leaves the origin of

Figure 19, and pursues the indicated trajectory. Fifteen minutes later,

the LM ascent stage performs the DOI maneuver, which is a retrograde

maneuver of 72 feet per second. At this time, the LM descent stage

is 2000 feet below the LM ascent stage and 1600 feet behind it, so that

the ascent stage passes 2000 feet above it after the DOI burn. It is

important to stage no later than 15 minutes before DOI. Staging at

any time after this will reduce this minimum miss distance.

A.A Mini-Maxi Football Rendezvous

The mini-maxi football is an alternate lunar rendezvous executed with

the LM RCS jets only. The sequence of events for this rendezvous is

as follows:

• CSM/LMundocking

• CSMmini-football initiation, consisting of a +X SM RCS burn

vertically down of 2.5 feet per second

• Coast one-half orbit, during which the LM is staged. The staging

maneuver imparts a retrograde velocity to the LM descent stage of

3 feet per second, and imparts no net velocity to the LM ascent

stage.
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• LM ascent stage maxi-football initiation, consisting of a ÷X

LM RCS burn of 80 feet per second, vertically up.

• Coast for three-fourths orbit.

eTPI maneuver, executed by the LM ascent stage, consisting of a

÷X LM RCS burn of 17 feet per second directed along a line pitched

15 degrees above the retrograde horizontal.

e Coast for 130 degrees of CSM travel.

eTPF maneuver, using the -X LM RCS as required.

Figure 20 shows the nominal relative motion for the rendezvous in CSM-

centered coordinates, including the mini-football, the maxi-football,

and the terminal phase. Figure 21 shows the relative motion of the

CSM, LM descent stage and LM ascent stage in a coordinate system moving

in the original CSM/LM orbit. In this system, the mini-football appears

as a separate CSM maneuver. At the time of the mini-football initiation,

the CSM leaves the origin of the coordinate system and enters the

indicated CSM trajectory. At some time during the next half orbit, the

LM descent stage is staged, and enters the relative trajectory indicated

for LM descent stage in Figure 21. Since the LM descent stage trajectory

does not intercept the CSM mini-football, the LM may be staged at any

time during the mini-football without recontact between the LM descent

stage and CSM.

At the end of the half-orbit mini-football coast, the LM initiates the

maxi-football with a vertical maneuver of 80 feet" per second, entering

the LM ascent stage relative trajectory shown in Figure 21. After about

one full orbit, the LM ascent stage returns to the CSM, intersecting

the trajectory of the LM descent stage. However, by that time the LM

descent stage has passed the ir_ersection poLnt, and is about I0 nautical

miles downrange. Consequently, there are no recontact problems

associated with the mini-maxi lunar football.
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LM Descent Stage Apocynthion

(19&._ nautical miles)

CSM Orbit

60 nautical mile_
circular orbit }

LMDescent Stage Pericynthion

(9.8 nautical miles)

Figure 3. Orbits of the CSM and LMDescent Stage After

a Nominal Lunar Rendezvous
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Figure 6. Motion of the CSM Relative to the LM Ascent Stage for the

CSM Evasive Maneuver Performed Prior to the Unmanned APS

Burn to Depletion
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Figure 7. Motion of the LMDescent Stage Relative to the CSM
for an Abort due to a DOI Overburn of 12 Feet Per Second



75

H

0 0

I

H

,--t

o

-p

o
.,._

P_

£

©
.el

o

©

.r.t

,---t
©

5
©

o

o
o,.-.I

.H



7'6

0

o
rj

0

,-t

t_

5_

N?

_._
5.,
_ o

_...t H

°_
°_..t

.rt



T?

8

0

_1

0
0
H

I

H
cO
CD

bJO

t_

CO

©
..p

CD

_)

_p

0
4-_

©

.H

.p

,---t

®._
N) N)

ob._

(1) °_

%

5_
©

._ H

.S ._

.r-I



78k

 oo
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(Recontact after 3 orbits
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Figure ii. Recontact Hodograph for Staging at CSI During the PDI Abort
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Figure 16. Motion of the LM Relative to the CSM for LM
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APPENDIX C

SEPARATION AND RECONTACT STUDY, MISSION F,

EARTH ORBIT ALTERNATE _ISSIONS
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552_.8-58
30 April 1969

National Aeronautics and SpaceAdministration
MannedSpacecraft Center
Houston, Texas 77058

Attention: M. L. Williamson, TaskMonitor
MBC/TRWTask A-122.1
Mission Planning and Analysis Division

Subject: Separation and Recontact Study, Mission F, Earth
Orbit Alternate Missions

Gentlemen:

Undercover to this letter is the response to Task A-L22.1, "Separation

and Recontact Analysis for Mission F."

The analysis has considered the nominal, APS-only, and mini-maxifootball

earth orbit alternate rendezvous schemes. All separation, staging and

maneuver events have been investigated to insure that no potential recon-

tact situations exist. The results contained herein clearly show that

no recontact hazards are inherent to the maneuver sequences studied.

Yours truly,

R. J. Rei_ardt

Analytic Mechanics Section

D. A. Davidson, Task Manager

MSC/TRW Task A-122.1

Analytic Mechanics Section

W. F. _euge_

Assistant Project Manager

Flight Dynamics

Mission Trajectory Control Program
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ATTACH_T

TRW Letter No. 552/+.8-58

Separation and Recontact Analysis Mission F

MSC/TRW Task A-122.1

552&. 8-58

30 April 1969

Prepared by:

R. J. Reinhardt

Analytic Mechanics Section

TRW Systems Group

EARTH ORBIT ALTERNATE MISSIONS

Nominal Rendezvous

The Mission F nominal rendezvous scheme calls for the LM descent

propulsion system (DPS) to perform all rendezvous maneuvers except

those of the terminal phase. Following rendezvous and docking, the

LM ascent stage is oriented, separated, and burned to depletion; while

the CSM observes from a safe position.

The maneuver sequence is as follows:

1. CSM/LM undocking

2. CSM initiates a mini-football by burning 2.5 fps +X RCS at

a pitch attitude of 270 degrees (radially down)

3. Coast period, 1/2 CSM orbit (2702 seconds)

_. LM DPS performs a phasing maneuver of 190 fps at a pitch

attitude of 292 degrees (ahead and down)

5. LM coast for just over 1 CSM orbit (6180 seconds)

6. LM DPS performs CDH maneuver of ll2 fps at a pitch attitude

of 180 degrees (retrograde)

7. LM coasts until 10 to 30 minutes prior to TPI before staging

8. LM staging via -X RCS retrograde burn of 3 fps, staging, +X

posigrade of 3 fps
i
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9. LM ascent stage performs TPI maneuver of 2_ fps at a

pitch attitude of 26.2 degrees (ahead and up)

10. LM ascent stage performs TPFmaneuver as required

The above rendezvous scheme is depicted in Figure 1. Note that the

coordinate system has its origin at and moving with the CSM. It

can be seen that the relative motion is quite straight forward until

the time of LMstaging. At staging, the LMdescent stage is slowed

by 3 fps but continues essentially "_tl)onthe same orbit relative to

the CSM. The exact time of staging is left to the crew's discretion

within the limits of lO to 30 minutes prior to TPI.

The relative motion between the LM ascent and descent stages subsequent

to staging is shown in Figure 2. Note that the origin is now centered

on the LMascent stage.

Two boundaries are shown corresponding to LM staging at lO and 30

minutes prior to TPI. The LMdescent stage trajectory would fall

within the region defined by these boundaries for LM staging within

this time interval. It can be seen that no matter what the time of

LM stagingwithin the defined span, no recontact hazard exists.

Upon completion of the rendezvous exercise, the LM APS is burned to

depletion. The maneuver sequence, starting with the docked CSM/LM

ascent stage configuration is as follows:

1. Orient LM APS to the burn-to-depletion attitude (÷X axis

along velocity vector) and begin inertial hold

2. Jettison LMascent stage 30 minutes prior to APS burn

3. CSM performs evasive maneuver 22 minutes prior to APS burn

of 3 fps -X RCS at a pitch attitude of 240 degrees (nose

down and behind) and a yaw attitude of _5 degrees south

(1) Actually the 3 fps retrograde maneuver causes the LM descent

stage to drift below as well as ahead; but this motion is

imperceptible on the scale chosen for Figure _.
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4. LMAPS burn-to-depletion, posigrade along velocity vector

The resulting relative motion is displayed in Figure 3. Note that

the origin is centered on the initial CSM/LM ascent stage orbit.

It can be seen that the CSM evasive maneuver places the CSM well above

and behind LM ascent stage at APS ignition. In this position the CSM

observes as the I_,!ascent stage accelerates away and ahead.

APS-on_y Rendezvous

In the event that the LM DPS is not available to perform the nominal

rendezvous maneuvers, the APS will be used. The corresponding rendezvous

sequence is quite similar to the nominal rendezvous scheme presented

above. The only change is the need to jettison the LMdescent stage

much earlier such that the APS can perform the phasing burn. Accordingly,

the LMdescent stage is discarded 15 minutes prior to completion of the

first 1/2 cycle of the CSMmini-football (2267 seconds). This can be

seen in Figure _.

Whereas, the nominal rendezvous scheme presented earlier and the mini-

maxi football scheme to follow allow a wide latitude of crew discretion

in selecting the exact time of LM staging, this is not the case here.

As shown on the face of Figure 5, the LM ascent and descent stage tra-

jectories intersect at 1i20 seconds after LM staging ana 32 seconds after

the phasing maneuver. Therefore, if the LMwere staged 1388 seconds (23.13

minutes) prior to the phasing maneuver, recontact would occur at this inter-

section. It must further be assumed that because of uncertainties and

approximations in the analysis and _rrors in executing the staging an_

phasing maneuvers, sufficient separation from this critical time must be

allowed. The selection of LM staging no earlier than 15 minutes prior to

the phasing maneuver provides such an adequate separation. Thus, recon-

tact is avoided.

Mini-Maxi Football

The so-called mini-maxi football rendezvous maneuver sequence provides

a low AV rendezvous scheme. Such a scheme might be employed if both

the LM ascent and descent propulsion systems were inoperable or otherwise
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unavailable. The maneuver sequence consists of the following events:

1. CSM/LMundocking

2. CSM performs a mini-football, 2.5 fps +X RCS at a pitch attitude

of 270 degrees (radially down)

3. CSM coasts 1/2 orbit (approximately 2702 seconds) during which

the LM is staged. The exact time of staging is left to the

crew's discretion.

&. LM ascent stage performs maxi-football, 80 fps ÷X RCS at a pitch

attitude of 90 degrees (radially upward)

5. LMascent stage coasts for 3/& of a CSM orbit

6. TPI performed by LM ascent stage, 17 fps -X RCS at a pitch

attitude of 165 degrees

7. TPF performed by LM ascent stage RCS as required

The relative motion plots corresponding to the above maneuver sequence

are shown in Figures 6 and 7. Referringto Figure 6, the mini-maxi

football can be seen. Noting that this figure has its origin fixed to

and moving with the CSM, the non-existence of any recontact problems

between the LM ascent stage and the CSM is clearly shown. It remains

only to show that no recontact hazards exist between the LM ascent

and descent stages. Figure 7 shows that this is true. Note that for

the equal times shown, the LM descent stage is considerably up range

of the LM ascent stage at the point of intersection of their respective

trajectories. The position of the LM ascent stage at this time (staging

plus 5700 seconds)corresponds to LM staging immediately prior to the

maxl-footballmaneuver. If the crew were to elect to Jettison the LM

descent stage earlier (recall they have a full 1/2 orbit coast period

to do so) then additional clearance would be provided. The case shown

therefore is a conservative one and it clearly shows no recontact is

possible.
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SUMMARYANDCONCLUSIONS

Thenominal and alternate earth orbit rendezvousschemeshave been

studied as regards potential recontact hazards. It has been shown

that the maneuversequencesplannedprovide adequate separation
distances and no recontact hazardsexists.

In all cases studied, the prime potential for recontact exists between
the jettisoned LMdescent stage andthe active LMascent stage. Of
the three rendezvousschemesstudied; the Nominal, APS-only, and the
Mini-Maxi Football; only the APS-onlyhas a critical tim_ constraint
o_ LMstaging. Although it has beenshownthat adequateclearance is
provided whenthe LMstaging time constraint is observed (stage 15
minutes prior to completion of CSMmini-football) it must be emphasized
that this constraint must be treated with respect.

If LMstaging were to occur, in violation of the aboveconstraint, at
23.13 minutes prior to completion of the mini-football, the LMdescent

stage would be placed on a collision course with respect to the LM

ascent stage.
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Figure i.

EARTH ORBIT ALTERNATE MISSIONS
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Figure 2.

EARTH ORBIT ALTERNATE MISSIONS

Nominal Rendezvous
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APPENDIX D

EVASIVE MANEUVER RELATIVE MOTION

FOR THE APOLLO MISSIONS F AND G
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TO

FROM :

SUBJECT:

o_.-i-mK,,u.. _:,,RM NO. _ :.

1MAy II ImPn"lO_

UNITED STATES GOVERNMENT

Memorandum MAS_,M_n_e_i S_'_cecraft Ceatr_

Minion Pla.rmg & ,ans_ysis D_vit_0_

Eee Liz- _elow

_.'3/F!ig::_ ;-_.alysis Branch

Evasive uaneuver relative motion for th< Apollo Missions F and G

Referenc _s

l. MSC memorandum 69-FM54-39 by J. D. Yenchar:Ls_ "Spacecraft evasive

maneuver on Apollo Mission F," dated February 19, 1969.

2. MSC memorandum 69-FM13-111 by J. A. McAnui%y, "S-IVB slingshot

timeline for Apollo i0 (AS-505, F mission)," dated February 26, 1969.

3. MSFC memorandum 68-M-II_ by J. L. Vaniman, "Conditions to be

expected during the L0X dump of the S-IVB for the C-Prime Mission_ " dated

October 50, 1968.

Int reduction

D_ring =:.e Apollo F and G missions, the spacecraft will perform an SPS

maneuver following ejection of the LM from the S-T_\_. Previous planning

specified that the SPS evasive maneuver would be executed 20 minute= after

ejection and the S-IVB dump sequence would begin IC minutes ]ater at TLI

cutoff _2 hours (reference i). In a meeting with l=ersonnel froz. tnc

Astronaut Office and MPAD on March i0, a proposal was made by the crew

to delay the SPS evasive maneuver until 30 minute_ aft ._rejection to allow

adequate preparation time for the SPS burn. Crew simuiation_ are plsr_ned

to determine if the 30 minutes between CSM/LM ejection and tbs SPS evasive

maneuver will be adequate.

Relative motion of the spacecr_ft (CSM+LM) with respec_ to t_._ Z-!_.q{ f-=:'t

ejectio_ through the S-IVB APS ullage is presented herein fez _ae follo_-ing

conditions.

i. SPS evasive maneuver 30 minutes after eje:ticn and _he S-IVZ

du__p se(uence beginning i0 minutes later at TLi cutoff +2 ho_rs and

iO minute_ (figure i).

2. SPS evasive maneuver 20 minutes after eje_tie_ and the S-iVB d_p

sequence beginning 10 minutes later at TLI cutoff +2 _ ou__s (fi_are 2).

_. SPS evasive maneuver deleted entirely ar.a the S-±V_ dump s_q_n_e

b6ginning at TLI cutoff +2 hours (figure _).

Buy U.S. Savings Bonds Regularly on tt_e Payroll Szwn.._ Pian
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The relative mo_ion generated for the condition 1 above (based on the

sequence of events presented in Table I) indicates no recontact problems.

The spacecraft position at the time of the SPS evasive maneuver performed

30 minute, s after ejection will be approximately 2,000 feet behind and

1,700 feet out-of-plane or at a range of 2,600 feet (figure 1). The SPS

evasive burn will result in the spacecr" .et passing 9,400 f_et below with

a crossrange of 2,000 feet approximatel 9 minutes after SPS ignition

(range--lO,000 feet). Assuming the dum_ sequence is initiated lO minutes

after th,: SPS evasive maneuver, the spacecraft range at the time of the

LOX dump will be over 34,000 feet; approximately 25,000 feet l elow, 4,000

feet ahe_d, and 3,100 feet of crossrange from the S-IVY. Following the

LOX dump, the range rapidly increases to over 210,000 feet at the termina-

tion of the S-IVB APS ullage.

Relative motion for an SPS evasive maneuver initiated at 20 minutes (condi-

zion 2 a_ove) is presented in figure 2. The primary difference resulting

from perfcrming the SPS maneuver at 20 minutes is the horizontal range of

the spacecraft from the S-IVB at SPS ignition, 1,350 feet as compared to

2,000, a_d the vertical displacement as the spacecraft passes below the

S-IVB, 6,600 as compared to 9,400 feet.

In the e ,ent no SPS evasive maneuver is initiated s_ud the dump sequence

begins a;_ TLI cutoff +2 hours, (condition 3 above) relative m>tion (figure 3)

indicates the spacecraft would pass above the S-IVB by 700 fez;t, with a

crossrange of 2,500 feet and a minimum total range of 2,600 f;et. This

would occur during the S-IVB LOX dump, approximately 41 minutes and 25

seconds _fter ejection. The spacecraft position _'.tdump initiation is

2,300 fe_t in front cf S-IVB, with a crossrange of 2,000 feet. Prior

to maneuvering to the dump attitude, the S-IVB would be pointed almost

directly at the spacecraft for 30 minutes after CSM/LM ejection. At

dump seqtence initiation, the S-IVB yaws 40 ° and performs the LOX dump

and APS u!_lage in plane, thus insuring sufficient out-of-plane displace-

ment to prevent recontact.

The dashed lines on figures l, 2, and 3 represent the area th, S-IVB LOX

dump "cloud" would comer if it encompassed a 70o cone ,entere i .%bou_ the

longitudinal axis of the S-IVB in the dump attitude. Referen:e 3 indicates

that the majority of the solid particles emerging from the J--_ engine

should be confined within a 15° cone. These particles are expected to

be on the order of 3 to 15 ram. in size. Reference 3 a_sumes _he entire

LOX dump "cloud" will cover a cone from 120 to 150 c', but recce_ends

that the distance between the S-IVB stage and the _.pacecraz"t _hould be

based on the effects of an explosion rather than those of the LOX d_uzp.

As indic_ted by a comparison of figures l, 2, and :, t:_e spac<_;r _f[_yould

definitely enter a cone of 70o in less time performing an RCS evusi\_ _

maneuver than it would performing an SPS maneuver :x_d _ould ai_o pa_

closer to the 15 o concentrated area. In the RCS evasive msA%e_ver in
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-""=4.......... _j +she rspa.c<:e_aJ't,enters a 700 cone approxLmately _ minutes after

d.__;.cin-_i_=tiof, a_ a range of 2,800 feet. For the SPS evasive maneuver in

fi_.xre !, this cone is penetrated ii minutes after dump initiation at a

r_@e of approximately 62,100 feet.

Conclusicn

Performing <_n SPS evasive maneuver 20 or 30 minutes after ejection will

not result in any recontact problems. S_ ould the SPS evasive maneuver be

deleted _ntireiy and the S-IVB dump sequence still begin: at TLI cutoff

+2 hours, no recontact would occur although separation clearances would

be substantially reduced. The primary factor preventing recontact for

this situation is the 40 ° yaw angle in the spacecraft eDection attitude

from the S-IVB. The inertial attitude of the S-IVB at ejection, the

spacecraft attitude at SPS ignition (reference i)_ and _.he S-IVB dump

sequence, attitude, and _V (reference 2) are presented mn Table I.

The inhiLit release on the S-IVB dump sequence should b_ sent after a

satisfa_ _ ory evasive maneuver has been performed. For _ 30 minute evasive

ma_euver, the spacecraft requires approximately i0 minutes to achiev_ a

position normal to the S-IVB dump attitude. Therefore_ the m:_n_m_a time

for inhikit release should be at TLI cutoff +2 hours and i0 m±nutes,

i0 minut_ s after the SPS evasive maneuver.

The SPS £vasive maneuver at 30 minutes results in achie_:ing the best

separation clearances and range with respect to the S-I!(B LOX d_mp "cloud. ''

Ass'_uing the LOX dump covers a 70o cone area, the spacecraft _.ould penetrate

the resulting "cloud" ii minutes after dump initiation at a ravage of

approximately 62,100 feet. For an RCS evasive maneuver_ penetration

would occ_._r 3 minutes after dump initiation at a range of 2,800 feet.

REM

CCA

Enclosures

<£ .(,S</-<.-,-....
Marland L. WilLkamson

Charles W. Fraley _

APPROVED BY:

Chief, Mission o ,- _... _.cm_.. n_

and Analysis Divmsicn

,zc :

(See attacmed page)
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......le i - _C _<inute DPS Evasive Maneuver Sequ(:nce of Events

_ime_ (hr :min:zec)

On 0m 0 _

Eve nt

a. CSM/IM _jection from the S-IVB (TLI cutoff

+1.5 hours,.

b. S-IVB _ttitude at ejection w th respect to

the local horizontal (LH) pitch 174.8 °, yaw 40 °,

roll ].80° . These attitude, s at ejection are

based on an initial T, D, and E attitude of

pitch 120 °, yaw 40 ° , roll 180 ° held inertial

from TB7+I5 minutes.

c. Relative spring actuator AV = 0.8 fps.

ohQm_ a. Initiate CSM RCS-X translation.

oh om io_

Ohom 17 _

b. No change in spacecrai't atti ude.

a. Terminate C_4 RCS-X translation.

b. _V = 0.67 fps.

c. Total ejection _% = 1.47 fps. Additional

relative motion analy_es f tots[ ejection _V

from 0. 5 to 2.0 fps has been per'o_ed and the

results indicate no signi2icant effect on the

motion of the spacecr'_ft relative to the S-IVB.

a. The spacecraft will h_ve tra'_slated approxi-

mately 25 feet based t n t.Le abov_ AV.

b. After Oh om 17 s but p::'icr to ,,-'

begin orientation to he 5P$ _va iv_ maneuv,:'

attitude (reference l). o_-.__cn= __=c, , ,'a_'__c

with respect to th< LI{. _©Ii pc _iti._ oO °

from heads-up is req<ired to vier the f-IV_

in the left side window o:, latunc t dCLys _i<h

a+40 ° _,aw in the T, D, an._ E art rude (May i"
and 18) and a negativ,] 60 _ _ ........r_ll .1.rom h.:_-_,9

is required to view zhe S-I_ in the r._'7"_-.._n

side window on launch days wi_h ,-_+0o yaw it:

the T, D, and E attit'_de (May 20 23, 2_ and

25). Gimbal angles will oe provLdcd by the

RTCC for these attitu¢_es _reference i).



oh 40m 0s

Oh 4_m 5s

_-, 52m 0 _

Oh 57m C _

In 26m 40s

lh 31m 51s

Iii

a. Initiate the SPS evasive maneuver.

b: _V -- 19.685 fps.

At TLI cutoff +2h i0m _nitia_e the S-IVB dump

sequence (reference 2).

a. Continuous LH2 propulsive vent ON.

b. S-IVB begins orientation to the dtmu_
attitude: pitch 194°_ yaw 0°, roll 180 _

with respect to the ±ocal horizontal
(reference 2).

Initiate LOX dump (TLI+2 h 22m).

a. Terminate L0X d_mp (TLi+2 h 2 ira).

b. _V = 84.3 fps.

Initiate S-IVB APS u?.lage (TLI+2 _ 56m _OS).

a. Terminate S-IVB APS ullage (PLI+3 h O1m 51_).

b. APS ullage _V = 4_.6 fps.

c. LH2 PV _V = 6.6 fps.

d. Total dump sequence _ = 134.5 fps (41 m/sec)

reference 2.
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APPENDIX E

CSM/LM CLOSE-IN SEPARATION RANGE FROM THE

S-IVB VS TIME FOR APOLLO MISSIONS F AND G, WITH AND

WITHOUT RCS TRANSLATION AT EJECTION
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MAY _lm

I'PMR (41 CPI_) 101-11.1

UNITED STATES GOVERNMENT

Memorandum

TO : See List l_elow

FROM ": FM3/Flight Analysis Branch

NASA-Manned Spacecraft Center

Mission Ran,lir, g & Aimiysis Division

DATE: _Y 1 ]OJ_9

69-FM37-182

SUBJECT: CSM/IM close-in separation range from the S-IVB vs time for Apollo

Missions F and G, with and without RCS translation at ejection

Introduction

At !.5 hcurs after TLI cutoff, four spring actuators will eject the CSM+LM

from the S-IVB. This ejection will impart a separation AV to the spacecraft
and the launch vehicle. As the S-IVB fuel impacts the tank walls, the S-IVB

AV will decrease, as is shown in Table I. In addition, the spacecraft RCS

thrusting added to the spring ejection AV will also alter the separation.

The S-IVB LH 2 vent will not be opened during the ejection phase.

Summary

To determine range vs time parameters for CSM/LM ejection, the following

factors were considered: Spring efficiencies of 90 per cent (maximum), 70

per cent (nominal), and 48 per cent (minimum) and the respective AV's based

on the NR fuel-slosh model (Table i). Each case was simulated with and

without a 3 second spacecraft RCS -X translation at 5 seconds after ejec-

tion (figures 1-3). The results indicate that 25 seconds after ejection

the effect of using a 3 second RCS translation will increase the separation

range by approximately 7 feet for a 90, 70, or 48 per cent efficient spring

(Table 2). The time required for the CSM/I_ (spacecraft) to obtain a

displacement of 25 feet and a footpad clearance of approximately 14 feet

from the SLA ring station is reduced from 24 to 19 seconds by using a

3 second RCS translation for nominal (70 per cent) spring efficiency

(Table 2). For 90 and 48 per cent spring efficiencies, the time required

to achieve a 25 foot separation displacement is reduced by 4 and 7.5

seconds, respectively.

Conclusion

When comparing the ejection procedure for varying spring actuator efficien-

cies (48, 70, and 90 per cent), and with and without the spacecraft 3 second

RCS -X thrusting to determine when a 25 foot separation distance is achieved,

the following results:

Buy U.S. Savings Bonds Regularly on the Payroll Savings Plan
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Procedure

i. With RCS -X thrusting

5 seconds after ejection

2. Ejection with no RCS

thrusting

Time (seconds)

24.n+5.0
--2.5

Note: This considers a spring efficiency of 70 per cent nominal with an

unknown of +20 per cent and -22 per cent, respectively. Further, it

considers the RCS thrusting to be with 4 jets and nominal.

Since there is a relatively small change in time required to reach the 25

foot separation criteria, the Flight Analysis Branch recommends the ejection

be made without the use of RCS thrusting at 5 seconds. Additionally, adding

the RCS system into use at this time adds more unknown because of the devia-

tion which can be attributed to that system. Concisely, adding the RCS

system and the spring actuator unknowns together will make it more difficult

to determine exactly when the 25 foot separation criteria has been reached.

Marland L. Williamson

CCA (.,a___. APPROVED BY:

_ _--_J--

Chi_,Mis sion Planning

and Analysis Division

Addressees :

(See attached page)
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Table !*

, CSM/_ Ejection Separation Rates

[No Propulsive Ventin_ TLI Weights)

Spring Time From Separation

Actuator Separation Velocity

Efficien°_ (see) (ft/se°)

90 per cent O.0(i) 1.23
Maximttm

14.3 (2) 1.O8

39.4 (3) 1.O4

396.0 (4) 1.O5

70 per cent O.O I.iO
Nominal

16.1 0.96

44.7 0.93

446.0 0.93

48 per cent 0.0 O.91
Minimum

19.5 0.79

53.9 O.77

540.0 0.77

S-IVB Separation
Distance

(ft)

0.6

13.6

32.6

415.o

0.6

13.6

32.6

415.o

0.6

13.6

32.6

415.o

(i) Actuator stroke out

(2) LOX impact with top of tank

(3) LH2 impact with top of tank

(4) LOX impact with bottom of tank

_This data was received through Mr. R. L. Kubicki from NR and is based
on the NR fuel slosh model.
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Table 2

Compsrison of CSM/LM Ejection With and Without 3 Seconds of RCS

Spring With Without Time Distance*

Efficiency RC____S RCS _ (ft)

90 per cent X 25 36

90 per cent X 25 29

70 per cent X 25 33

70 per cent X 25 26

48 per cent X 25 29

48 per cent X 25 22

90 per cent X 17.5 25

90 per cent X 21.5 25

70 per cent X 19.O 25

70 per cent X 24.0 25

48 per cent X 21.5 25

48 per cent X 29.0 25

*The distance indicates the change in the relative positions of the CSM

and S-IVB c.g.'s. The LM footpad clearance from the SLA ring station can

be determined by subtracting ii feet from the distances presented.
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APPENDIX F

OUT-OF-PLANE CM/SM SEPARATION AND RECONTACT ANALYSIS

FOR TLI ABORTS, TLC ABORTS AND NOMINAL ENTRY FOR MISSION F
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8 April 1969

National Aeronautics and Space Administration
Manned Spacecraft Center

Houston, Texas 77058

Attention:

Subject:

Gentlemen:

Mr. M. L. Williamson, Monitor, MSC/TRW Task A-122.1

Mission Planning and Analysis Division

Out-of-plane CM/SM Separation and Recontact Analysis

for TLI Aborts, TLC Aborts and Nominal Entry for Mission F

The attachment to this letter presents the results of out-of-plane

CM/SM separation and recontact analysis for Mission F. The analysis

determines the recontact possibilities between the CM and SM during

high speed entries which result from TLI aborts, TLC aborts and

nominal entry. The study is restricted to the CM/SM entry profile

for which the CM banks to the same direction as the SM is jettisoned

at separation. There is no recontact problem for the nominal entry.

For TLI or TLC, recontact problems develop when the SM separation

weight and AV are less than 16,0OO oounds and 18 feet per second,
respectively.

Yours truly,

L. Jeffersonf /J

Analytic Mechanics Section

G. A. Sk_ndalis, Task Manager
MSC/TRW Task A-122.1

Analytic Mechanics Section

LJ:DM_:PGW:eac

Attachment s

W. F. _eugel

Assistant Project Manager

Mission Trajectory Control Program

sYSTEMS GROUP OF TRW INC HOUSTON OPERATIONS " P O. BOX 58327, HOUSTON TEXAS 77058 " (713) 59t-3133
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TRW 552 . - 6
8 April 1969

Out-of-plane CM/SM Separation and Recontact Analysis for TLI Aborts,

TLC Aborts and Nominal Entry for Mission F

MSC/TRW Task A-122 _1

Prepared by:

L. Jefferson

Analytic Mechanics Section

TRW Systems Group

INTRODUCTION

This letter presents the results of CM/SM separation and recontact

analysis for TLI aborts, TLC aborts and nominal entry for Mission F.

The analysis is in partial fulfillment of requirements outlined in

Reference 1. The analYsis examines recontact possibilities between

the CM and SM after separation during a lunar return nominal entry

and CM/SM entries which result from aborts during TLI or TLC.

The simulation is restricted to the entry profile for which the

CM banks at 1.5 g in the same direction the SM is jettisoned at sep-

aration. The intent is to simulate guidance commands which may send

the CM south of the orbit plane. If the CM banks opposite to the

direction that the SM is jettisoned then there is obviously no recon-

tac Z problem.

For the lunar return nominal entry, the analysis considers the

effect of delayed CM/SM separation (reduces nominal tff) on relative

separation distance. The tff values considered are 15 minutes (nominal),

10 minutes and 5 minutes. For aborts during TLI or TLC, SM weights at

CM/SM separation range from appro_tely 12,_nO0 to £0,000 pounds.

However, only those from 12,0OO to 16,000 pounds can result in recon-

tact problems.

DISCUSSION

The TLI abort region is approximately 5 minutes 7 seconds long

followed by TLC which extends to initiation of the LOI maneuver. A

SYSTEMS GROUP OF TRW INC HOUSTON OPERATIONS " P 0 BOX 58327, HOUSTON TEXAS 77058 ,(713) 5913133
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time critical abort during TLI initiates the following sequence for

the fastest possible return to earth.

Time from S-IVB Cutoff

(min: sec)

00:00

Event

S-IVB C/O

Four +X RCS Jets on

00:03 CSM/S-IVB separation

00:13 +X RCS Jets off
Pitch to local vertical

(CSM + X-axis with radius vector

towards earth)

01:00 Four -X RCS Jets on

01:08 -X RCS Jets off
Maneuver CSM to retro burn

attitude

i0:00 SPS i_ion - (S_ a_o retro
burn)

Varible (Depending on the g.e.t.

at which the abort occurs. Other

abort procedures are given in
Reference 2.)

CM/SM Separation

The sequence simulated here begins with an out-of-plane CM/SM

separation. On reaching a sensible atmosphere, the CM flies a

full-llft trajectory to 1.5 g and then banks (south) in the same

direction the SM is Jettisoned at separation. The analysis is

restricted to this entry profile, since to bank ODOosite to

the direction the SM is Jettisoned makes recontact impossible.

In addition, the sequence investigated simulates the effects of

guidance commands which may send the CM south of the orbit plane.

The high speed operational entry corridor is presented in

Table 1 and Figure 1. Further discussion of the entry corridor

is contained in Reference 3. Aborts during TLI or TLC are always

targeted to the steep target line, on which also lies the nominal
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entry point. The nominal entry point, due to the large entry velocity,

is the worst case with respect to CM/SM relative separation distance.

Therefore, initial conditions at separation for all cases in this

analysis are based on this worst case entry point. It should be noted

that for high speed entries CM roll con_nands are restricted to plus or

minus 15 degrees until 1.5 g (0.2 g for low-speed entries). Subsequent

to this g-point however, any maneuver may be performed.

Table 2 shows Mission F CM and SM vehicle characteristics and

Table 3 presents initial conditions at CM/SM separation for a lunar

return nominal entry at different values of tff. The nominal tff is

15 minutes. Other tff values of lO minutes and 5 minutes are presented

to show the effect of delayed C_SM separation on relative motion

during entry. The horizon monitor CM/SM separation attitude is heads

down for Mission F (see Figure 2). Figure 3 illustrates the in-plane

relative motion during a lunar return nominal entry for bank angles

of 55 degrees and 90 degrees south. These bank angles are held constant

in the same direction the SM is jettisoned from 1.5 g to splashdown.

The separation AV is the redline value of 5 feet per second. The rel-

ative motion for different tff is shown in Figure 4.

Vehicle characteristics following aborts during TLI or TLC are

presented in Table 4. Depending on the duration of the SPS deorbit

burn, SM weights at CM/SM separation range from approximately 12,0OO

pounds to 40,000 pounds. However, only SM weights between 12,000

and 16,O00 pounds can result in recontact problems. Figure 5 shows

that for a separation AV of 5 feet per second, the path of the SM for

this weight range goes behind the CM, with recontact problems indicated

for SM weights between 15,OOO and 16,000 pounds. For larger separation

AV's, the SM path shifts forward and thus creates recontact problems

for all SM weights less than 16,OOO pounds. Figure 6, however, shows

that a separation AV of 18 feet per second will alleviate all these

problems.

Note that these recontact problems result only when the CM banks

in the same direction the SM is Jettisoned at separation. Figure 7

shows the separation AV required to alleviate the recontact problem
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for a given SM weight at separation. The corresponding RCS burn

time and propellant requirement are presented in Figure 8.

SUMMARY AND CONCLUSIONS

This analysis was performed to examine the recontact possibilities

between the CM and SM for entry profiles which require the CM to bank

in the same direction the SM is jettisoned. The results show that

there is no recontact problem for the lunar return nominal entry

regardless of direction the CM banks. The in-plane separation distance

is sufficient to avoid any recontact problem.

CM/SM entries which result from aborts during TLI or TLC develop

recontact problems for SM separation weights between 12,OOO and 16,0OO

pounds. Depending on the duration of the SPS deorbit burn, aborts

during early TLI can produce SM weights during entry as large as

_0,OOO pounds. But only the smaller weights in conjunction with sep-

aration AV's less than 18 feet per second create recontact problems.

Consequently, the following conclusions are reached concerning high-

speed CM/SM entry.

l) There is no CM/SM recontact problem for the F Mission lunar

return nominal entry regardless of the direction the CM

banks at 1.5 g.

2) For aborts during TLI and TLC, there is no recontact problem

if SM weight during entry is greater than 16,OO0 pounds or

separation AV is greater than 18 feet per second.

3) If both SM weight and separation AV are less than 16,OOO

pounds and 18 feet per second, respectively, then always

bank CM at 1.5 g opposite in direction SM Jettisoned to

assure no recontact problem.
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NOMENCLATURE

Bank Angle

Command Module

Command Service Module

SM pitch attitude at CM/SM separation

ground elapsed time

spacecraft altitude at CM/SM separation

Lunar Orbit Insertion

inertial flight-path angle

Spacecraft inertial flight-path angle at

CM/SM separation

Stabilization and Control System

second

Service Propulsion System

estimated time of CM free fall from CM/SM

separation to an altitude of &O0,O00 feet

Translunar Coast

Translunar Injection

inertial velocity

Spacecraft inertial velocity at CM/SM

separation



142

552_. 8-A6

8 April 1969

Page 6

REFEP_ENCES

i.

.

.

G. A. Skandalis, "Separation and Recontact Analysis for

Mission F, (MBC/TRW Task A-122)," TRW IOC No. 552_.8-A2,

March 31, 1969.

"Apollo Mission Techniques, Missions F and G Contingency

Procedures," MBC Internal Note No. S-PA-9T-O_3, March 3,

1969.

B. D. Medearis, "RTCC Return-to-Earth Abort Processor, Entry

Range Functions (Missions E and F)," TRW Note No. 68-FMT-685,

November 30, 1968.



143

TABLE i. Mission F

High Speed Operational Entry Corridor

Entry Flight-Path Angle, FI (degrees)

Entry Velocity Steep Target Shallow Target

VI (feet/second) Line Line

27,000

28,000

29,000

3O,OOO

31,000

32,000

33,000

3_,000

35,OOO

36,21o._9

-4.31 -2.91

-&.78 -3.62

-5.13 -A.17

-5.AI -_.59

-5.66 -A.96

-5._6 -5.27

-6.05 -5.5&

-6.21 -5.80

-6.36 -6.03

-6.&9 (Nominal entry point) Worst
case with respect to CM/SM

relative separation distance.
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TABLE 2. Mission F

CM and SM Vehicle Characteristics

Parameter CM SM

Weight at Separation

Drag Coefficient, CD

Lift-to-drag ratio, L/D

12,135 pounds

1.3022

0.2912

_,25_ pounds

1.8
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Figure 2. CM/SMSeparation Attitude
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APPENDIX G

CSM SEPARATION FROM THE S-IVB FOR AN

IMPENDING DETECTABLE S-IVB EXPLOSION FOR

MISSION F (APOLLO i0
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OP_I_4_AI. WORM NO. 10

MAY tNm I[DrI"|CIN

GSA P'PMIIt (41 Cl_q) 10t-$t.|

UNITED STATES GOVERNMENT

Memorandum
NASA-MannedSpacecraftConfer

MissionPlanning& A=_.:;}sisI.;ivision

TO : Informal Distribution DATE:

FROM : FM3/Flight Analysis Branch

SUBJECT: CSM separation from the S-IVB for an impending detectable S-IVB

explosion for Mission F (Apollo lO)

Reference_ MSC memorandum 68-FM37-452 by Michael E. Donahoo, "CSM/S-IVB

separation for an impending detectable S-IVB explosion for Mission C'

(Apollo 8)," dated October 25, 1968.

An investigation of the analysis presented in the ffbove reference indicates

that the results are applicable to the F mission. The above statement is

based on a CSM weight of 63,517 pounds and thrust from the RCS and SPS of

400 and 20,000 pounds, respectively. The following separation timeline
will result in a safe separation distance (>7080 feet) within 279 seconds

after physical separation.

Time Eve nt

(seconds)

To+0 Warning; abort initiated;

RCS on

To+3 CSM/S-IVB physical separation

To+6 RCS off; SPS on

To + !0 SPS off; coast

To + 182 Separation distance equals

7080 feet

T o + 200 S-IVB explosion

This information indicates that the crew could delay the abort initiate

approximately 18 seconds from warning and still achieve a safe separation

distance at warning plus 200 seconds. The information in the reference

could also be employed to determine the required bt_n time for various

crew delays after warning as shown in the enclosed figure.
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Questions concerning these data should be directed to Michael E. Donahoo,

extension 5381.

_# Michael E. Donahoo

APPROVED BY:

Charlie C. Allen

Acting Chief, Flight Analysis Branch

Enclosure

Distribut ion:

(See attached page)
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cN_r'td_L twOtq_ NO. I0

MA'Ir Iill I_l'_C_
P'PMn (41 CFm) tel-..e

UNITED STATES GOVERNMENT

Memora ndum
"[0 : :;:_.e Li_.-. ?,elm:

FROM : "W.J/]:iLght l,I_alysi:_ Branch

NASA-Manned Spot.raft Center

Minion Planning & A_,a_ysis Oivisioll

DAT_: APR 2 9

69-n437-191

SUBJECT: Separation of the CSM+LM from the S-IVB for an impending S-IVB

explosion (Mission F)

Summary

In the event of an impending, detectable explosion on the S-ZVB subsequent

to T and D and prior to ejection in which there is insufficient time to

jettison the I/M, the data from the enclosed figure should be used to select

an SPS burn AV to assure a safe separation distance at the time of the

explosion. An 8 second SPS burn could be initiated at warning plus 62

seconds and achieve >7080 feet sep_ation distance between the CSM+LM

and S-IVB at the time of the explosion (warning plus 200 seconds). This

allows _452 seconds to perform ejection, orientation, and SPS b_rn initiate.

Introduction

As presently defined, there exists a minimum of 200 seconds warning time

for the crew to separate from the booster and achieve a safe separation

distance (defined as ?000 feet) before an explosion. Although the crew

cannot directly monitor the S°IVB fuel tank pressures subsequent to CSM/

S-IVB separation, it is assumed that the ground will monitor the systems

and inform the crew of an impending explosion at least 200 seconds prior

to the critical tank pressures. With a 70 per cent efficient spring ejec-

tion system and no propulsive vents on the S-IVB, the CSM+LM could begin

orientation at ejection plus 25 seconds and initiate the SPS burn at

ejection plus 62 seconds (with an 8 second SPS burn).

Analysis

Based on a CSM+I_4 weight of 96224 pounds at separation from -_he S-IVB,

a range of SPS burn times were considered _nd the resulting burn AV and

separation distance versus time are presented in the enclosec_ figure. The

attitude of the SPS burn has an insignificant effect on the separation

distance obtained; however, other areas must be considered such as recon-

tact and impact on the remaining mission. An attitude a_ which the SPS

burn could be performed that would alleviate both of the previous con-

siderations is the attitude of the nominally planned SPS eva:;ive burn

scheduled to be performed approximately 50 minutes subsequent uo ejection.

This would allow the CSM+LM to continue along the nominal mi:_sion profile

without excessive deviations.

Buy U.S. Savings Bonds Rel_ularl_ on the Payroll Savm_.r Pla._
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C tnc !us ions

This analysis indicates for an impending S-IVB explosion with a minimum of

200 seconds crew warning time that LM ejection could be performed. Orienta-

tion to the SPS burn attitude could begin 25 seconds later. At ejection

plus 62 seconds the SPS could be ignited for 8 seconds with the resulting

separation distance from the S-IVB being >7080 feet at ejection plus 200

seconds. The Flight Analysis Branch recommends for this emergency procedure

that the SPS burn be performed using the defined attitude for nominal ejec-

tion plus 30 minutes.

f

ccA

Michael E. Done._oo

APPROVED BY:

Chf , Mission PlanningChi_, Mission Planning
and Analysis Division

Addressees :

(See attached page)
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